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PREFACE TO THE EIGHTH EDITION. 



There have been so many editions or reprints of this 
book (including the articles on Horology in two editions 
of the Encyclopcedia Britannica) that I cannot count 
them rightly, ^especially as several were issued under 
my former names of Denison and Beckett (Lord Grim- 
thorpe since 1886). At least, I suppose so. This is 
certainly, in substance, at least the tenth issue. The 
book led to my designing, either directly or indirectly, 
not only the Westminster and St. Paul's clocks, and 
the great peal of bells there, but those of many other 
Cathedrals and Churches, as well as Town-hall, Eailway- 
station, and others in several of our Colonies, by special 
request. As I did all that work gratuitously, I have 
no means of tracing them, or probably remembering 
the names of them alL I know that I once counted 
above forty. 

^81287 



IV PBEFACE. 

The Publishers have received from my friend Canon 
NoUoth, of Beverley Minster, some further information 
about Bells, which (as it could not be inserted 'in the 
stereotype plates) has been inserted, with some remarks 
of my own, as Addenda, at pp. 392-394. Canon 
NoUoth has also completed (pp. 390-392) my own last 
list of large bells in various countries. 

I have also added a short Appendix (p. 395) on 
Weathercocks. 

GEIMTHOEPK 

Batch Wood, St. Alban'b. 
May, 1903. 



PREFACE. 



As this is not unlikely to be the last time that I shall 
revise this book, considering my age and the number 
of copies printed in each edition of late (3000), and as 
I have had more leisure than for many years, I have 
endeavoured to make it as complete as possible, and 
have introduced more new matter and alterations than 
in any edition since the fourth. 

This was one of the first ' Eudimentary Treatises/ 
undertaken with great spirit by the late Mr. Weale, at 
the suggestion of my friend and connection, Colonel 
Sir W. Reid, K.O.B., the author of the 'Law of 
Storms,' and the chief manager of the Exhibition of 
1 85 1 1 at the request of the Prince Consort ; and 7000 
copies were printed of the first edition. The articles 
on Clocks and Watches, but not on Bells, in the eighth 
and ninth editions of the Encyclopcedia Britannica, were 
abridgments of this book, and therefore make this 
edition practically the ninth written by me. 

It should be understood that this professes to be a 
rudimentary treatise in the sense of teaching the 
principles of horology, and so much practical know- 
ledge as may be useful both to clockmakers and to 
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amateurs who wish to make, or direct the making of, 
their own clocks of superior character ; and I have had 
abundant information that it has been useful in that 
way, besides vastly improving the general character of 
public clocks especially, in all the English-speaking 
world, and wherever large English clocks go. 

Kobody can learn the details of watchmaking from a 
book, and at any rate in no such space as could be 
given to it in a volume like this. There have been, 
from time to time, useM letters on various details of 
the art in the English Mechanic and the Horohgical 
Journal. I have never heard of any amateur taking 
up watchmaking as many do the making or designing 
of clocks; and it depends much more on manual 
dexterity and practice. Therefore that part of the 
book deals more with principles than with working 
details. 

I leave the chapter on Bells to speak for itself, as the 
only English treatise on their proper construction, 
shape, composition, and the best modes of hanging ; 
and as the result of long experience and many special 
experiments, to revive an art which had sunk to a 
lower ebb thirty or forty years ago than it had ever 
reached in the thousand years or more since large bells 
were first made. 

E. B. 
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ON THE MEASURES OF TIME. 



Befobe considering the construction of horological macliines 
it is desirable to understand what it is they have to measure. 
It is easy to reply, days and their subdivisions. But there 
are various kinds of days, all meaning one rotation of the 
earth, with reference to the stars, or the equinoctial point t* 
or the sun, or an imaginary sun going with the average speed 
of the real sun in its apparent annual motion round the earth. 

A gidereal day is the first or the second of these, or 
is one absolute rotation of the earth, or the time between 
two successive passages of the same star over any given 
meridian ; for the stars are so fsix off that the whole width 
of the earth's orbit does not make a difference of i" in the 
apparent place of the nearest star : much less does the 
motion of the earth in one day make any sensible difference. 
Acd as this rotation is the only period that is measurable by 
any object which is both fixed and visible, all clock time is 
ultimately regulated by sidereal time, which is daily taken at 
observatories by observing when certain stars pass the 
meridian. 

This is done by having a telescope fixed at right angles 
across a stiff a^xis with pivots at the ends, which is laid 
exactly east and west and horizontal on very firm supports, 
80 as to be free from all vibration and disturbance. The 
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telescope csft then only move in the plane of meridian, 
is called a traftsUi/Mtrmnentf and is the primary horologica 
instrnment for measuring whole days, while clocks measnr^ 
their subdivisions. Some very fine wires are stretched verti 
cally across the focus of the telescope, or the place vehere an 
image of the star is formed by the object-glass,* one of th^ 
wires being in the middle or meridian : the others are useful 
to measure the distance of the star as it approaches and 
leaves the meridian ; and the magnifying power increases the 
apparent motion, and makes it so much easier to observe 
accurately. 

But this is not strictly true : o or 24 o'clock by sidereal 
time is not when any particular star passes the standard 
meridian of the country (here of Greenwich), but when that 
imaginary point called T passes, where the sun is at the 
vernal equinox, or the intersection of the ecliptic and the 
celestial equator. And that recedes 50". i a year among the 
stars ; which is equivalent to 3^ sec. of time in the earth's 
rotation, but to 20^ min. in the annual revolution, which is 
the difference between the sidereal and the equinoctial or 
common year. Therefore a clock going rightly by the stars 
would be 3 Ji sec. slow at the end of the year by T, or by what 
is called sidereal but is really equinoctial time. The place 
of Y" is always known, because the distance of every con- 
siderable star from it in siaereal time, or Eight Ascension, is 
given in the Nautical almanac ; and so clock time is actually 
measured by the stars at last, but with this correction, which 
you see is only the iioth of a second a day. 

A solar day is the interval between two successive 
transits of the middle of the sun over the meridian; and 
before that can happen the earth must make more than one 
absolute rotation, because the sun is going (apparently er 
relatively) round it in the same direction as the earth rotates, 
— i.^., from west to east ; for the apparent motion of aH the 
* See my ' Astronomy without Mathematics,' p. 399, 7th ed. 
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heavenly bodies westward is only the consequence of the 
earth's rotation eastward. Therefore there is one more 
sidereal day in the year than there are solar days; or a 
sidereal day is a 366th, or nearly 3m. 56s. shorter than a 
solar day ; or they are in the proportion of 1.00274 to i, or 
I to .99727. A small wheel of 8 teeth revolving round a 
fixed large one of 2922 makes 366^ absolute rotations, 
but 365^ relatively to the large one : this is called a sun 
and planet motion accordingly. 

The length of a solar day is continually varying a little 
from two causes. One is that the earth's orbit is an ellipse 
with the sun in one focus, and the earth moves slowest when 
it is farthest oS—4,e. in July. The other, and much the 
larger cause is, that the sun moves in the ecliptic, and not 
in the equator ; and if you bring each successive 10° (say) 
of the ecliptic on a globe up to the brass meridian, you will 
see that they seldom correspond to exactly 10^ of the equator, 
which is the hour circle of the globe. The consequence is 
that the days are a minute longer in December, and half a 
minute longer in June than they are in April or September ; 
and if a good clock is set with the sun-dial in November, it 
will be half an hour before the sun in February. Hence it is 
that the afternoons are so much darker in November than 
they are at the same number of days after Christmas. It 
was the fashion in France, as late as 1826, to make the 
public clocks show solar time, either by some complicated 
machinery or by altering them nearly every day. 

Mean time — that is, a mean solar day — is the aver- 
age length of all the solar days in the year ; which is no 
exact number of days ; for the sidereal year, or time of 
the sun's return to the same place among the stars, is 
365.25634 mean days, and the equinoctial or common 
year, or mean time of the earth's return to T, is fixed by 
astronomers at 365.242216 mean solar days, or 365 days, 
5 hours, 48m. 49}^ s. The difference between true and mean 
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solar time for each day is called the Equation of time, 
usually given in almanacs in the form of * clock before 
* after son.' But the following tahle, at p. 6, shows the 
which a clock in the longitude of Greenwich, Boston, Lo 
and Grimsby (for they are all in longitude o^), ought to s 
when the sun is on their meridian. It is easily adapter 
any place west of those, by adding to the time in the t 
4m. for i^ of longitude, and so on ; and for the few ph 
in England east of Greenwich you must subtract at 
same rate from the time in the table. 

The equation is not quite the same every year, but mo 
on nearly a quarter of a day yearly, till leap-year coi 
and puts it very nearly back again. The reason why 
does not do so quite is, that the year is not quite 365^ da 
That is the error which is attempted to be corrected 
dropping the leap-day of every century except those divisi 
by 4. I have shown in my * Astronomy * that a much m< 
complete correction would be made by simply dropping ev( 
32nd leap-day, or that of every 128th year; and that drc 
ping the leap-day of every century except the fifth would 
better than the fourth. 

The table at p. 6 is made for the first year after lea 
year ; and it will practically serve for a long time to coi 
(in case you have not an almanac with an equation table), 
in the second year you subtract the difference between t] 
equation for any given day and the next, when the tin 
is increasing, and add when it is decreasing. Thus c 
I January 1881 the clock was 3m. 58s. before sun, ai 
4m. 26s. on 2 January — the difi'erence being 28s. Ther 
fore subtract 7 s. for i January 1882, which makes tl 
clock 3m. 51s. before sun. Again, for i January 188^ 
the third year after leap, subtract 14s. from the time in t^ 
table, and you get 3m. 44s. ; for leap-year up to February 1 1 
where the equation turns, subtract three quarters of the dii 
ference. From thence to the end of the month, as the tim 
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is decreasing, yon most add the three quarters of difference, 
treating the 29th as March i. 

And genertdly, when the time is decreasing, you must add 
the proper fraction of the di£ference. Thus the time on 
I Octoher 1881 is 11.49.38, and on 2 Octoher is 11.49. 19. 
For 1882 add a quarter of the difference (say 5s.) and you 
have the time on 2 Octoher 11.49.24/ For the third year 
after leap add los. for 2 Octoher; hut for leap-year itself 
hack to 29 February, or the day before i March, sub- 
tract a quarter of the difference when the time is decreas- 
ing. Thus for I March of leap-year it is 0.12.30, and for 
29 February it is 0.12.42 ; while for 28 February, beginning 
from the otiier end of the year, it became 0.12.54 by adding 
three quarters of the difference. I find by looking back at 
old almanacs that this always gives the equation as nearly 
right as you can observe Uie sun by any kind of dial : if 
you want to be more exact you must get an almanac with 
the equation for every day in the year. 

In setting a mean time clock by sidereal observations you 
have nothing to do with the equation of time, which only 
relates to the sun. Some almanacs besides the Nautical 
give the mean time at which certain stars and planets pass 
the meridian of Greenwich, and then the operation of setting 
the clock is simple and obvious enough. Whitaker*s almanac 
gives the sidereal clock time at each mean solar noon. But 
it should be observed that astronomers* mean time has no 
A.M. and P.M., but is reckoned up to 24 hours from the noon 
after the midnight at which the civil day is considered to 
begin. Thus iih. a.m. i January 1880 of common life was 
23h. 31 December 1879 with astronomers. Without some 
of the data which are only to be found in such an almanac 
it is of no use attempting to find the time from sidereal 
observations, and therefore it is not worth while to give any 
less simple modes of doing it from other data than those just 
mentioned. 
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Bat you may regulate the rate or going of a mean 
from sidereal observations without the aid of any tab 
astronomical data, though you cannot eet it to the j 
time. The mean day is 3m. 56.5554s. sidereal longei 
a sidereal day; and therefore sidereal hours, minutes 
may be turned into mean ones by multiplying thei 
.99727, or by subtracting 9.83 seconds from every ' 
and I second from every 6m. 6s. And as the 3m. 56 
sidereal = 3m. 56s. mean, tho mean clock ought to sho 
much less at the second transit of a star than the tin 
showed at the first transit. 

This operation may also be performed with snffii 
accuracy without a transit instrument. For if you ma 
small eye-hole in a thin plate, fixed looking south, and 
up or find anywhere due south of it a perfectly veri 
straight edge, the occultation or emergence of any gi 
star against that straight edge will be seen through the c 
hole at exactly every 24 sidereal hours, or at every 2 
56m. 4s. of mean time. And it is not necessary for mei 
regulating a clock, that the hole and the edge should be v 
exactly in the meridian, if you only use it for observing st 
not far from the equator. But if you aim at using it 
setting as well as regulatmg your clocks, with the help 
astronomical tables, then you must take care to have the h 
and the edge exactly in the meridian. Probably the b< 
way of doing this is to fix the plate by carrying the tii 
by two or three chronometers of known rate from ti 
nearest observatory, using the almanac time of the 'southing 
of one or more stars. 

In all operations for setting clocks from any kind of celei 
tial obseiTations, you must remember the difibrence betwee 
your own longitude and that which is the standard of th 
country, which is here the Boyal Observatory at Greenwicl 
The meridian you use must be the true one of the place, am 
not a false one adapted to Greenwich beforehand, nnless th( 
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^jcngitnde is very small ; in which case the error arising from 
the change in the sun's declination between summer and 
winter wiQ be insignificant. Here is a table of some forty 
towns, showing how much the clock ought to be before 
or behind the sun if it is to agree with Greenwich mean 
time ; which the railways had long adopted ; and it is now, 
by an Act of 1880, the only legal time for aU Great Britain, 
and Dublin time for Ireland. There is a longer list in 
Britten's < Watchmaker's Hand-Book'. 
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to SIDEREAL AND MEAN TIME DIALS. 

Though such contrivances are of no real use, fpr tl 
would certainly not answer as well as independent si 
real and mean time clocks beating their own seconds, yei 
may save calculators some trouble if I add here that 1 
late Astronomer Royal in 1849 communicated to the B. A. 
three different arrangements of trains which he had rec6i\ 
from a Dr. Henderson for enabling one clock to show si< 
real and mean time on two different dials. 

1. Let the 24-hour arbor of the mean solar clock carr^ 
wheel of 247, driving one of 331 on an arbor which carr 
also a wheel of 43, driving one of 32 (only I should put the 
two smaller wheels first, tlie mean clock driving). The last 
these three arbors will carry a hand showing sidereal houi 
but, remember, hours only ; and you must descend again 
sidereal seconds by a train of the usual numbers, so as 
got the 86,400 in a day. Of course the same train revers< 
would give mean time from a sidereal clock. 

2. Let the 24-hour arbor carry a wheel of 96, driving 01 
of 79 on an arbor which carries a wheel of 157, driving 01 
of 133 on an arbor which carries a wheel of 72, driving or 
of X03. A hand on this fourth arbor will show sidereal houri 

3. Let the 24-hour arbor carry a wheel of 50, driving on 
of 30 on an arbor which carries awheel of 182, driving on 
of 211 on an arbor which carries a wheel of 196, drivin 
one of 281. This fourth wheel will show sidereal hour 
with an error of a second in rather less than a thoasan< 
years, the sidereal day being equal to 86164*0906 meai 
seconds. The errors of the other two trains are a littl< 
greater, but still quite insignificant. But Sir G. Airy anc 
Dr. Henderson did not notice, or perhaps know, as I do bj 
experience, that ail attempts to run the time down from th( 
slow hands or wheels of a train to the fast ones, instead oi 
putting the fast ones nearest to the pendulum as nsual, 
invariably fail and show very large errors ; and therefore 
such a combination of dials would be quite useless except 
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for the roughest approximation, which could be of no value 
to any one who wanted to reduce one kind of time to the 
other accurately, or to use the secondary dial for observa- 
tions of any kind. 

Moreover, there is this fatal objection to all contrivances 
for showing sidereal and mean time by hands depending ulti- 
mately on one pendulum, that the secondary clock, which- 
ever it may be, cannot in any way beat or show accurately 
its own seconds, as there is a difference of i6 seconds to be 
spread over the day, or something more than '6 an hour. 
I am only surprised that Sir G. Airy, who must have been 
quite aware of this, though he might have no experience of 
the other difficulty, should have thought it worth while to 
make that communication to the Royal Astronomical Society, 
as if it could be of any use to astronomers, or to anybody 
else that I can see. 

There are some other clocks, however, which may possibly 
be useful to telegraph-offices where they want to know the 
local tinie at which messages arrive, or the English time 
when they were sent. They consist of a single common 
clock movement dri\dng as many dials as you please, say for 
the capitals of all the principal countries, the hands being 
set just as much before or behind English time as the 
respective longitudes require; and of course they always 
keep their distance, and so show the local time of each 
country corresponding to whatevelr is the present Greenwich 
time. 

We shall see presently some of the methods of finding local 
time, or at least the time of noon at any place ; and though 
it belongs rather to astronomy than horology, it is not out of 
the way to mention thai the longitude of any place is best 
found by carrying thither chronometers with Greenwich time 
and comparing it with the local time, except where the 
Greenwich time can be telegraphed direct without the need 
of carrying chronometers. 
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At the head of these of course stand the oldest ot 
all, snn- dials. But it would be a waste of time to say ! 
about them, except in the forms in which they may be ] 
subservient to the more useful and accurate machine 
which they have been superseded. The principal fei 
of all sun-dials which have to indicate other hoars he\ 
noon is a gnomon, with a straight edge, or pair of e^ 
parallel to the earth's axis, and therefore inclined to 
horizon at an angle equal to the latitude of the place, vn 
plate for the gnomon to throw a shadow on. Thus an Ini 
sun-dial has its gnomon nearly level, and it should 
elevated above the plate, while a polar one would 
quite upright. If the plate of the dial is part of a cylin 
of which the gnomon is the axis, all the hour divisi< 
will be equal, but not otherwise. The divisions before a 
after noon are equal whenever the plate is equally inclio 
to east and west. Sometimes they are set in other fanci 
positions ; in whatever position the plate is, the same ho 
marks are right for all times of the year, if the gnomon 
parallel to the earth's axis. But all Uiat belongs to the a 
of dialling, which may be found in any of the encycl 
psBdias, and is of no use to us, as sun-dial observations cai 
not be relied on except when the sun is near the meridiai 
by reason of refraction which bends the sun*s rays. 

Meridian dial. A solar meridian mark or snn-dial fc 
noon only is intelligible and usable by many persons wh 
cannot or will not undertake sidereal observations, and is s* 
easily made that everybody ought to have one who care 
about having accurate time, and has not the means o 
getting it from some other source. The simplest of all wayi 
of fixing such a mark is to set up a plate facing the sontli 
with a narrow vertical slit in it, reaching down to the 
bottom, upon a horizontal slab of smooth stone, and mari 



MERIDIAN DIAL« 



13 



the line of brightness on the stone at the time of solar noon 
by a chronometer or a good watch carrying the time from 
some accurate source. The best way of making these 
gnomons is to screw a pair of thin zinc or copper cheeks on 
a cast iron upright piece, without attempting to make a 
sufficiently narrow slit in the iron itself. It should have a 
thick polygonal lump at the bottom screwing on to an iron 
rod or ' lewis ' let into the stone, and lead or cement run 
round it after it is set upright and as near the meridian as 
possible. The octagon in the drawing shows the ^hape of 
this base and the section across the middle of the gnomon. 
I fixed the first of these, without a chronometer, in the 
garden of a vicarage near Cambridge in 1838, by the fol- 
lowing method ; and as it was afterwards tested by Pro- 
fessor Challis and found ' as right as can be practically 
observed, the method 

may be safely follow- Rg. r. 

ed. A C is the slit, 
which I have gene- 
rally had about 9 
inches high. About 
an hour before noon, 
on a fine day in 
summer, when the 
shadow is short 
enough to lie within 
the slab, mark with 
a pencil where the 
top of the bright 
line, or centre of the 

little hole at A falls, say at S, and di*aw the arc of a circle 
S 8 with radius C S. Mark again two other spots, S' and S'', 
at about 11. 15 and 11.30 a.m., and draw the corresponding 
arc^, S' s' and S'' s". Then watch for the times when the 
end of the bright line again falls on each of the three circles, 
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and mark the places ««'/'• Bisect all the arcs, a 
straight line CB will run through all the bisectioj 
may be pretty soie that is the true meridian ; if noi 
mistake has been made, and yon must try again anoth. 
As you will probably begin to fix the slab and gnon 
the compass, it may be as well to mention that the ap 
magnetic north in England is about 18^ west of real 
at present ; for it decreases now slightly with time, 
different in different parts of the world. 
The Dipleidoscope is another meridian instrc 

which was invent* 
the late Mr. J 
Bloxam, a barrist 
considerable pra 
whose name I 
have to mention i 
with some clock ii 
tions. He took a pi 
for it (long ago exp 
and assigned it to 
late Mr. Dent, by w! 
only they were m 
Its name, componi 
of SittXoos double, I 
an image, and <rxo 
to see, indicates 
pi-inciple of it; beca 
in all positions but < 
you see a doable im] 
of the sun reflected 
it ; and if it is so fis 
that the single image 
i,€. the coincidence of the two — occurs at solar Doon, 
evidently becomes a meridian instrument. It has the a 
vantage also of reflecting the sun when it is just too c1oq( 




THE DlPLEroOSCOPE. 15 

for a shadow to be distinct, and in fact you can only look at 
it through darkened glass when the sun is bright. 

The instrument consists of three small plates of glass put 
together at their edges in a brass box about 2 inches wide 
and high, so as to form a hollow prism of any convenient 
angle, no precision being necessary in this. A B C in this 
figure is the section of it at right angles to the axis of the 
prism. The front glass B C is plain ; the other two are 
blackened behind to form reflectors. But though the front 
glass is transparent, it also reflects, because there are dark 
ones behind it. S I and I B, are sections of the planes of 
incidence and reflection of thfe sun's rays from the glass B C, 
those planes being all parallel to the axis of the prism, 
which should be approximately parallel to the earth's axis. 
Part of the rays passes through that glass, and is re- 
flected by glass AC to A B, and again reflected there and 
sent through B C to K^, Now let the angle of incidence, 
and therefore of first reflection at I, be called A — 8 (A being 
the angle between the two reflecting glasses), and let the other 
angles be designated as in the figure. It requires no 
mathematics beyond the knowledge that the three angles of 
every triangle = 180°, commonly called v, to see that the 
angle ^ = v — (C + A — 8) in the small triangle near C ; 
and in the one near A, 7 = ^— (A + )S) = C — 8; and in 
the triangle near B, a = v — (B + y) = tt — (B + C — 8) 
= A + 8. That is to say, the angle a, made by the plane of 
emergence of the twice reflected rays with the front glass, 
differs from that of the once reflected by 2 8. Therefore, if 
the prism is so placed as to make 8=0, which it will be if 
the angle of incidence = A, the twice reflected rays will 
come out parallel to the once reflected, and the two images 
of the sun will coincide. In fixing the instrument however, 
we have nothing to do with the angles ; but simply to adjust 
it by trial with a chronometer (for it cannot be done with- 
out), so that the images do coincide at solar noon. 
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They were at first made so as to be fixtares on tl 
vrhere they were set, and so they were always exp 
the weather, and besides, if cemented in wrongly, tli< 
wrong for ever. To avoid both these evils, I suggea 
making of a brass plate to be fixed on the stone, 
raised slip adjustable by screws, against which the 
ment is to be laid closely when used, but at other t: 
may be kept in the house. Some of them are 
to turn on an axis parallel to the earth's axis, anc 
they can be presented to the sun at other hours b 
noon, but only for the given latitude like a son-dial. 
are made adjustable for latitude also. They are moi 
made for star observations with the reflectors silvered in 
of blackened, on account of the greater feebleness oi 
light. A table was published to be used with t 
showing the time of first and last contact of the 
images of the sun for every day in the year, as its 
observable perhaps more accurately than the time of < 
cidence ; at any rate it gives three chances of observa 
instead of one. Bat many people prefer my meridian sJ 



WATER AND SAND-CLOCKS. 

The earliest time-keeping machine is the clepsydra 
water clock of the Greeks and Bomans, which was no doi 
made in various ways. Vitruvius mentions one made a 
water wheel, which would probably be very irregular. 1 
simplest in construction is a graduated cylindrical vesi 
with a hole in the bottom, and this appears to have been t 
most commonly used: but they must sarely have di 
covered that the water in that case by no means runs o 
with uniform velocity, though they did not know, and son 
of the modem writers on antiquities apparently do not eithe 
that the velocity varies as the square root of the height ( 
the water above the hole. But if a trough is kept full by 
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stream, and a hole made aD3rwhere in it, the water will then 
run uniformly into, and rise uniformly in, another eylindrical 
vessel, in wlidch its height may be marked on the sides, if it 
is of glass, or else by a floating index, and that will make a 
very fair clock. I do not however find any notice of such a 
one in books on Greek and Roman antiquities. Various 
other forms of clepsydra are described in them, which it is 
not worth while to copy here. 

The case is different with sand. If a column of dry sand 
ever so high stands over a small hole, the sand will run out 
no faster than if it is a very moderate height, for the same 
reason that a pile or cone of sand on a given base will stand 
up to a certain height and angle only, which depends on the 
amount of friction between the particles. The angles of the 
waist of an hour-glass ought to agree with that natural angle 
of the sand in order that it may run out uniformly to the end 
— ^if that is.of any consequence, which it hardly is for the 
boiling of eggs, or even for the old use of limiting the length 
of sermons ; which object might sometimes be advantageously 
accomplished now by a descending sounding-board, or as 
sounding-boards are gone out of fashion, by a pulpit bottom 
or * drop* let down by clock work after 25 minutes. 

The burning of graduated candles was another mode of 
marking time, and if the candles were of wax, as they 
probably were, and sheltered from wind, and the wicks 
uniform throughout, the measure would be accurate enough 
for any purpose for which it was likely to be used. The 
consumption of oil in a lamp might also be marked and used 
in the same way. 

This seems the proper place to notice a genuine water 
clock, invented and used by Lord Bosse for the important 
purpose of driving an equatorial telescopO' so as to keep it 
pointed to a star, against the earth's rotation, for which 
there are various contrivances. It is described in tne B. A. S. 
MciUid,i Nviicesy vol. xxvi., and the principle of it is that the 
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water is let Cfit slowly from a box by an india rubl 
carried by a float, so that its mouth is always at tt 
small depth below the surface of the water; and 
pressure depends only on that depth the outflow is uj 
and the descent of the float with it, and that has a c* 
tached to it, and at the other end attached to the wheel 
drives the telescope. The great equatorial at Green^^ 
driven by another kind of water clock, which will be n 
farther on, as it is combined with a revolving pendalun 
we will now proceed to what are properly called 



CLOCKS. 

The invention of clocks driven by a weight has 
generally attributed to Paciflcus, Archdeacon of Yeron 
the ninth century; and also to Gerbert, afkerwards ] 
Silvester II., who made a clock at Magdeburg in 996, t^ 
he was an Archbishop. But there does not seem to be 
contemporary proof that either of these were weight doc 
nor is it certain that Gerbert's was a clock at all ; for i 
described by an old writer quoted in Beckmann's 'Histor 
Inventions * (4th ed. 1846) thus : — * Magdeburg horologi 
fecit, illud recte constituens considerata perfistulam sU 
nautarum duce * — i.e. * he made a time-piece at Magdeba 
setting it by looking at the pole-star through a tube.' Be( 
mann thought William, Abbot of Hirshaw in the eleven 
century, had the best claim to the invention ; of whom it w 
said, * Naturale horologium ad exemplum coelestis hemi 
phoerii excogitavit ; ' and soon after, certain monks had tl 
duty * horologium dirigere et temperare, et signa pnlsare; 
which however looks rather like their directing the cloo 
than the clock them, or as they say at sea, * making it tei 
o'clock,' rather than learning from the clock that it is so. 

But he also says that in those times the day and th( 
night were ^ach divided into twelve hours, betwew soDsel 
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and stmrise ; and if so, such hours oonld not be shown by 
any clocks ; for we may be sore that no clocks of those 
days were able to adapt themselves to hours of snch varying 
length. And all this seems to me very insufficient evidence 
of the existence of clocks, as we now understand the word ; 
which, by the way, appears not to have driven out the older 
word * horologe,* until the time of Henry VIII., having been 
long used for a bell (cloche). 

But it may be safely concluded from the various allusions 
to horologia, and to their striking spontaneously, in the 
twelfth century, that genuine clocks had been invented 
before then, though there is no surviving description of the 
construction of any clock until the thirteenth century, when 
it appears that a certain <horoIogium* was sent by the Sultan 
of Egypt in 1 232 to the Emperor Frederic II. * It resembled 
internally a celestial globe in which the sun, moon, and 
planets moved, being impelled by weights and wheels, so that 
they pointed out the hour, day and night, with certainty.* 
The oldest clock mentioned in England is that which 
was put up in a former clock-tower of Westminster, with 
some great bells, in 1288, out of a fine imposed on a corrupt 
Lord Chief Justice, of which a memorial survived near the 
same spot in a sun-dial which stood on a house in Palace 
Yard, pulled down within my time, with the inscription 
* Disdte justitiam monitiJ In 1292 a clock is mentioned in 
Canterbury Cathedral, costing jQio\ and the old striking 
part of the original one in Exeter Cathedral was at work not 
long ago, and perhaps is still, though the going part had 
been replaced ; and the same at Peterborough, probably of 
about the same date. That of Glastonbury Abbey, after- 
wards at Wells Cathedral, dated 1325, is now in the South 
£ensington Museum, going. One by Eichard Wallingford, 
Abbot of St. Albans, made in 1326, is said to have been 
such as there was not in all Europe, showing various 
astronomical phasnomena. There was also one at Dover 
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Castle, with the date 1348 on it. That also was ex 
going in 1876. 

A description and pictore of the clock made by He 
Yick for Charles Y. of France in 1370 may be seen 
editions of the Encyclopadia Britannica^ whether aui 
or made up from some other I do not know. I d: 
think it worth repeating in the eighth edition, for wJ 
wrote the article on clocks. It was very like oar coj 
clocks now, except that it had only an hour hand, i 
vibrating balance (but no balance spring) instead 
pendulum. It is impossible that such a clock could go 
and it seems strange that the apparently simpler contrii 
of a pendulum should not have come till four cent 
after clocks were first invented ; and yet that is 
geneml tradition. I suppose therefore that the pendul 
in the old Peterborough, and Exeter, and other chi 
clocks were added long after their original construct 
Those clocks were wound up by long spikes or ban 
sticking out of the wooden barrel over which the rope g 
which carries the weight. In many old church clocks 
weight is only a large stone. It is not until quite mod 
times that church clocks had minute hands besides the hi 
ones, but in other respects there is surprisingly little c 
ference in principle between the oldest of these machines a 
most tuiret clocks of the present day. 

The going part of a clock is, and always has been, nothi 
but a train of some number of wheels and pinions, of wbii 
one turns in 12 hours, and another in 1 hour, if there is 
minute hand. The first, or slowest, or * great ' wheel, 
turned by a weight hanging by a rope wound round a ban^ 
on that wheel's axis, or arhor^ as it is called in clock-making 
and the last or quickest wheel drives a fan-fly, orafly-whed 
or a pair of vibrating arms, called a ' balance,' or a pendd 
lum, to regulate the velocity of the train. A spring clock i 
merely a compound of a large watch and a commoQ cloelf 
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Any one who has looked at the inside of a clock — and it is 
nseless to read this book until you have — knows that it con- 
sists of a few large wheels with a good many teeth, and that 
the teeth of 
every large 
wheel, except 
the highest, are 
engaged in or 
drive some Fig. 3. 

much smaller 

wheels fixed on the axes or arbors of all the large ones 
except the largest. These small wheels are called pinions, 
and their teeth are called * leaves* for distinction. This 
figure 3 shows a set of pinions of from 6 to 1 6 leaves, 
the lowest and the highest numbers used. It also 
shows the kind of steel 
plate which is used 
for drawing pinion ivire. 
For it is cheaper to make 
the arbors of such wire, 
turning off the projec- 
tions all along the arbor 
except where they form 
the pinion itself, than to 
cut the pinions out of the 
solid. But they are not 
80 good as cut ones, and 
I believe are not used in 
the best clocks. 

The largest wheel in 
the train, which is called 
* the great wheel,' aj)- 
pears to be stuck on the 
end of the barrel which 
carries the string and 
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the weight attached to it — ^whether with a moving pulley ot 
not, does not signify as a matter of principle, which is all we 
are considering at present. The only effect of the pnlley is 
to take a double string of twice the length of a single one in 
the same clock case, which, enables a larger barrel to be 
used and also prevents the string from nntwisting. 

But if the great wheel were really fixed to the barrel therfe 
could be no winding up, except by an endless chain con- 
trivance, which we need not now consider. Accordingly the 
real arrangement is that the great wheel rides freely on the 
arbor of the barrel, and is connected with it by a ratchet 
and click; the ratchet being a saw-toothed wheel on the 
end of the barrel, and the click being on the great wheel 
with a spring to keep it in the ratchet teeth, which pass 
under it in winding, but cannot return, except with the 
great wheel itself. You will see a picture of it under 
* Maintaining Powers,' farther on in the book. And it is all 
the same whether the barrel is turned in the old way by 
spokes, or in the modern way by a key or * winder ' put on 
the squared end of the arbor ; only in the former case the 
barrel rides loose on the arbor, and in the latter is fixed 
to it and the wheel rides loose. Consequently the weight 
is always acting on the train, except at the time of winding ; 
and in all good clocks there are contrivances for keeping the 
force on even then, called maintaining powers. 

Now suppose the great wheel has 120 teeth, and the 
pinion which it drives has 10 ; then, if that pinion and its 
arbor and the wheel stuck on to it turn in one hour, the 
great wheel will evidently turn in 12 hours. The wheel 
which turns in an hour is called the centre wheel in house 
clocks, because that arbor comes through to the centre of 
the dial and carries the minute hand. Suppose that wheel 
has 64 teeth and drives a pinion of 8 ; then that pinion and 
the wheel on its arbor will turn in 8 minutes ; and if that has 
60 teeth and drives another pinion of 8, that pinion and its 
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arbor will torn in a minute^ and the wheel on that aibor is 
the scape-wheel, which drives the pendolom vibrating in a 
second, as we shall see presently. Not that there is any 
virtue in these particular numbers of teeth and leaves, or 
that the pendulum need vibrate seconds ; most church >clock 
pendulums are slower, and all short spring clock pendulums 
are faster. All that is requisite theoretically is, that the 
numbers of the teeth of all the wheels multiplied together, 
and divided by the numbers of the leaves of all the pinions 
multiplied together, should give the proper velocity-ratio 
between the slowest wheel and the quickest. Thus, if the 
scape wheel has to turn 60 times as fast as the centre wheel, 
and there is one between them, which may turn in any time, 
the product of the teefch divided by that of the leaves must 
= 60, and subject to that, you may distribute the numbers 
as you please — theoretically ; but practically other considera- 
tions come in, such as that the slower wheels must be larger 
than the quicker ones, or they could not clear the arbors 
below them: that if the leaves of the pinions are very 
few they do not drive easily, and if they are many the 
teeth must be many and small, and more expensive to cut, 
and so forth ; and the result is that, in the common long 
house clocks the numbers are usually what I gave just now ; 
but in astronomical clocks or regulators they are higher, 
sometimes twice as much ; in turret clocks they vary more, 
according to circumstances, as will be seen hereafter. 

The simplest of all the methods of regulating the velocity 
of the train, and one which certainly existed before De Yick's 
time, is the fan fly, or a pair of arms with vanes which are 
resisted by the air. I think it by no means improbable, 
though it is never likely to be ascertained now, that some of 
those earlier clocks were trains of wheels with a fly to regulate 
their velocity, instead of a balance, which De Vick used in 
his going part, though he had a fly in the striking part, as 
the earlier English clocks have, and exactly as it is used to 
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this day. So long as the force and Metion of the ti 
aDiform the velocity of the fly will be imifonn, as th< 
tion of density of the air is too small to affect it m&U 
and it should be observed, that a long fly with a rath< 
motion is less afiected by variations of force than a sh( 
quick one ; but as far more accurate methods are novf 
it is unnecessary to go further into this. 

A fly wheel, which is either a wheel with a heavy j 
a pair of weighted arms at right angles to the axis ^ 
carries them, is another method ; but not so good, bee 
not being resisted by the air nearly so much as 
it is much more afiected by a change of force, whic 
clock work nearly always means a change of friction ii 
train. It acts simply by its moment of inertia, whic 
constant, and therefore the velocity cannot be constai 
the force varies. In fact there is theoretically no limi 
the velocity of a fly wheel driven by a weight, so lon^ 
the weight can go on falling, though pn^ctically a term 
velocity is soon reached, when the friction and the incn 
ing resistance of the air balance the force ; but of course t 
bdance is disturbed and the velocity changes as soon 
the force varies. 

Conical Fendiilnm. A pair of weighted arms attacli 
to a revolving vertical axis by horizontal hinges, 
that they can fly further out as they go, will regulate i 
velocity more completely than a fly wheel or arms rigid 
fixed, and still better if it has fans attached to it, bi 
not completely enough to keep it uniform if the {on 
varies much. They are like the * governor ' of a steai 
engine in appearance, but no further ; for the governor arm 
work a lever which opens more or less of the throttle valv 
of the steam pipe, according as the engine is going too slo^ 
or too fast. A single ball or pair of balls hnng in this waj 
and driven by a clock train form what is called a coniecu 
pendulum^ because each arm describes a cone, and the time 
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of its revolution may easily be determined as follows, except 
80 fEir as it is affected by friction and resistance of air : — 

Let I be the length of each arm, and ^ the angle at which 
it happens to be inclined to the vertical axis, which of coarse 
depends on the rate of revolution or angular velocity, which 
is usually called cd; then the centrifugal force of each ball 
= <a^ I 8i7t<f> ; and as that is the force which keeps the balls 
away from the vertical, it must balance the force which 
draws them to it, which is g tan(p {g being the usual 83rmbol 
for the force of gravity, or twice the number of feet which a 
body falls in the first second of time, and g in this latitude 
is 32.2); therefore co or the angular space moved over by 

the arms in one second = a / ^ :» and the time of 
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revolution through i 
dco8(f> 



a complete revolution through 360° or 27r, is — 



/lC08(f) ^ . , , 

a/ . If you wish to know what that means in 

figures, you must express I in feet, as g is, and write the 
numerical value 3.14159 for ir, and take the numerical 
value of cos<^ from a table of sines and cosines ; and the 
result, after extracting the square root and dividing, is the 
number of seconds in which the revolution is perfoi-med. 
We shall see hereafter that it is just so much less than the 
time of a common vibrating pendulum of the same length as 
v^cos0 is less than i. And as the cosine varies least when 
an angle is small, a clock of this kind will go better when 
the length of the arms and the weight of the balls are such 
that they make only a small angle with the axis when the 
clock weight is driving them. But again it must be 
remembered that these results are very much modified in 
actual working by the resistance of the air, which acts 
more strongly on the balls as they fly farther out, and 
thereby tends to regulate the velocity, as it does with a 
fan fly. 
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A clock of this kind is often nsed to torn the reflectora 
coloured lenses of revolving lighthouses, and also for 
more accurate purpose of driving large equatorial telescop 
to keep them pointed to a star notwithstanding the revoluti 
of the earth. For the earth does not move hy jerks, a£ 
clock with a vibrating pendulum and escapement necessar 
docs. A revolving pendulum alone will not do without soi 
contrivance to equalise the force upon it, or to check t 
pendulum itself by friction. 

The simplest form of it is setting tiie revolving ba 
within a conical ring, which they can graze slightly, and 
is better if they are furnished with slight grazing spring 
And if the cone is also made raisable by a handle with 
reach of the observer, so that he can regulate the frictio: 
probably this is enough in all o)*dinary cases. 

But for telescopes of great importance superior conti 
vances are used. The chronograph at Greenwich, whic 
drives a barrel covered with paper, on which the times < 
various observations are pricked by galvanic communicatio 
from the observers, is an ordinary clock with a revolvin 
pendulum, driven by an arm which also carries round a kin 
of spade, dipped a little into an aunular trough of water 
and the farther out the pendulum swings the deeper it pusbe 
the spade into the water, by a simple lever arrangemen 
which can easily be imagined. 

The great equatorial telescope there has a similar penduluu 
and trough ; but besides that, the clock is itself driven by i 
* Barker's mill,' or a pair of revolving horizontal arms on n 
vertical axis, all hollow and receiving water at the top o] 
the axis. The arms have holes near their ends, on opposite 
sides, and the water flowing out there drives the arms the 
other way. The pendulum also works a throttle valve as 
the governor of a steam engine does, and so regulates the 
flow of water through the mill. 

A revolving pendulum may be hung by a single wire, tis 
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there is no tendency to twist, and 
they are so made in bedroom clocks, 
which have the advantage of being 
silent. But it is difficult to get 
a wire strong enough for a heavy 
pendulum which would not also be 
toa stiff. The Greenwich ones are 
hung by a kind of universal joint, 
made of two pairs of suspension 
springs in stirrups, set across each 
other, one turned upwards and the 
other downwards, with a cross be- 
tween. 

We shall have ib notice afterwards 
some other clocks for this pui^pose, 
in which a revolving continuous 
movement is combined with a vibrat- 
ing pendulum and escapement; but 
I must describe escapements first. 

It is perhaps worth mentioning 
that any point in a wheel revolving 
uniformly has always the same velo- 
city in a horizontal direction as some 
point in a pendulum which makes 
a double vibration in the same time 
as the wheel revolves ; and thel'efore, 
theoretically, a constant motion of 
a clock-train might be got by con- 
necting some point in a i sec. -pen- 
dulum with a pin in a small disc 
revolving in 2 seconds, by a rod so 
long as to be practically horizontal. 
But it would probably be impracti- 
cable to keep the force constant 
enough to give just proper impulse 



^ig.S. 



28 



BALAMOE-WHBBL BS0AFB1CENT8. 



to the pendulnm ; and if too mneb was given, there iv 
be a jerk at the end of every beat, and if too little, 
pendulum and the clock would stop. 



BALANCE-WHEEL ESCAPEMENTS. 

Before we go into the theory of pendulums we shi 

notice the one other mode of regulating the motion < 

clock-train which existed long before pendulums m 

p. , applied. The earl 

escapement of wl 

there is any kno 

description is t 

which De Vick*s cl< 

had, and which 

called the crown- wh 

escapement. The < 

ject of that, as of 

the later escapemen 

was to let a tooth 

the quickest wheel 

the train escape pt 

, some stops call 

I pallets at every i 

I bration of the balanc 

I and that wheel 

thence called tl 

scape-wheel, and 

crown-wheel from i 

shape. The pallets j 

B, in fig. 6, are piec( 

of steel fixed to tl 

axis or arbor of tt 

balance C in planes i 

right angles to eac 

other, one of them set so as to be pushed one way b 
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Ibe front teeth D of the wheel, and the other the other way 
by the back teeth. As one tooth escapes past its pallet, the 
other pallet is in a position to receive and stop the opposite 
tooth. But as the balance has then acquired a swing in the 
direction in which it has been pushed by the escaping tooth, 
it does not stop immediately, but swings a little farther and 
so drives the wheel back again a little, producing what is 
called the recoil. This is just the same as the old * vei-tical ' 
watch escapement, which remained in use until a few years 
ago, with this important exception, that the time of vibration 
of a watch balance is regulated by a thin spiral spring fixed 
to it and to the frame, vrhereas this had none, and so its 
regulating power over the train depended solely on its 
moment of inertia, and on its swinging farther for any 
increase of force, which by no means makes it isochronous. 

The same thing is still to be found in bottle-jacks; the 
piece of meat to be roasted forms the balance, and the noise 
at each change of its motion is the * ticking ' of the escape- 
ment. It is true the meat makes several turns for one tick, 
while De Yick's balance made only half a turn, but that is 
because there is a wheel on the pallet arbor in the jack, 
worked by a pinion on the meat arbor, as in the rack lever 
watch escapement ; but otherwise the bottle-jack escapement 
is precisely the same as in De Vick's clock, in which the 
axis of tbe balance was vertical, and not horizontal as in 
fig. 6. 

PENDULUMS. 

Pendulums, like many other things, may have been 

invented several times over in different ages, or even in the 

same. In an old edition of the EncyclopcBdia Britannica it 

is said that ' the ancient astronomers of the east employed 

* pendulums in measuring the times of their observations, 

* patiently counting their vibrations during the phases of an 
' eclipse or the transit of the stars, and renewing them by a 
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* little posh of the finger when they languished ; 
'Oassendi, Riccioli, and others, in more recent 

* followed their example.' If so, it is plain that this bl 
ledge had itself languished and died, before the makia 
what has long been called Galileo's discovery in the chl 
at Florence, that a chandelier, and therefore any d 
pendulum, vibrated different arcs in the same time, pron 
they were none of them large ones. When we consider! 
vast number of pendulums of various kinds that there 
swinging about the world, it certainly is difficult to ima^ 
that nobody ever made that observation before the sixteei 
century. The application of it to the regulating of cloJ 
however is a different thing, as that required invention 
well as observation. To be sure, all that was needed was 
omit one of the weights in De Yick's balance, and set it 
a vertical instead pf a horizontal plane, and it is stran 
enough that this slight but valuable alteration should ha 
waited three centuries to be made. It would then assuc 
this form (fig. 7), which is the same as the other in all b 
the position of the parts and the omission of one arm ai 
weight of the balance. The bent end of the arm (called 1 
forlc) is substituted for a weight in this drawing, because 
was aftenvards found better to hang the pendulum indepe 
dently, and connect it with that arm, called the crutch, I 
means of the fork. But I have seen small clocks of tl 
last century, and even some modern French ones, with tl 
crutch itself made into a pendulum by merely putting a bt 
at the end of it. 

There seems no doubt however that the first person wl 
investigated and established the mathematical theory ai 
properties of the pendulum was Huyghens, the Dutch phil< 
sopher, in the seventeenth centur}' ; but it seems equal] 
certain that the first pendulum clock was made for St. Paul 
Church in Covent Garden, by Harris, a London clock-mak< 
in 1 62 1, though the credit of the invention was claimed ale 
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by Huyghens himself, and by Galileo*s son, and Avicenna, 
and the celebrated Dr. Hooke, the undoubted inventor of 
the balance spring of watches, and the discoverer of its 
theory. 

Fig. 7. 




The main point of Huyghens's discovery seems at first sight 
a long way off any connection with what we now understand 
by a pendulum, viz., a weight or bob at the bottom of a long 
rod, which is hung by a string or a thin spring at the top, 
and the bob therefore swinging in a circular arc, or some- 
thing very near it. For he proved that the curve in which 
R bob hung by a string of insensible weight must move in 
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order to be isochronous in its vibrations, is no< a eircle, 
a cycloid, or the carve traced out by a point in the rim c 
circle rolling upon a straight line, e,g,, a nail in the tire c 
carriage wheel rolling on a smooth road, or P in the ci 
D E P rolling on B Q C in fig. 8 ; and he showed ho^ 
certain other property of the cycloid might be made nsi 
to enable a pendulum bob to describe a cycloidal insteac 
a circular arc. It is not worth while to fill these pages w 
demonstrations which may be found in any mathemati 
treatise on mechanics, especially as I must assume the rea< 
to have some of the knowledge which is only to be got fr< 
such books, in order to understand the demonstrations ii 
gave them. Therefore we may as well begin at tl 
point, that a body moving by gravity in a cycloid (wi 
the curve downwards, as B P F C in fig. 8) does descri 

Fig. 8, 




both large and small arcs in the same time; the reaso] 
of which is that the force may be proved to be always ii 
proportion to the distance along the curve from its lowes 
point, F. 
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But how is a pendulum bob, hung by a string or wire 
from a fixed point, to be persuaded to describe a cycloid ? 
It 80 happens that if a cycloid 6 F C is cut in two, and one 
half B F removed as a solid with a convex edge to A G 
(making A G=FG=D E), and the other half to A B, the 
end P of a string = A F, fixed at A, and moving between 
those <cycloidal cheeks' will redescribe the old cycloid 
B F 0. This is mathematically expressed by saying that 
the involute of a cycloid is another equal cycloid, and there- 
fore also the evolute is ; the evolute being the cheeks, and the 
involute the curve described from them : the proof of this 
belongs of course to geometry, not mechanics, and is of no 
consequence to us at present. Huyghens therefore proposed 
to hang clock pendulums by a string or a thin spring between 
cycloidal cheeks, and that was for some time thought a very 
superior method of making clocks. I have no doubt there 
are some still in existence, as I have seen them. 

But after a time it was found that clocks went rather 
worse with these cheeks than without them ; and then it 
occurred to somebody that the cycloidal theory is only true 
for what is called in mathematics a simple pendulum, or one 
in which not only the bob, but the centre of the bob, is 
alone supposed to have any weight ; and of course there is 
no such thing possible, for the rod must have some thick- 
ness, or it is not stiff enough to work, or to be driven by the 
clock, and if you make the bob very heavy, with the view of 
rendering the weight of the rod insignificant, then the bob 
itself must be large, and differs considerably in its mechanical 
effect from a single imaginary heavy point at its centre. And 
besides that, the spring or string cannot be made to act 
against the cheeks without friction and other disturbing 
causes ; all which things are said to have been proved to 
produce greater deviations from isochronism than a variation 
of several degrees in the arc. Indeed we shall see hereafter 
that the common clock escapements tend to produce an error 

D 



34 PENDULUMS. 

of their own, which the deviation from ^sycloidal 
(commonly called the circular error) is actually 
counteracting. 

Nevertheless the cyeloidal theory is valnabk 
extent: it shows why a common pendolam is vei 
isochronous for different smaU arcs ; for the striiig 
evidently describe very nearly the same curve i 
bottom F, whether the cheeks are there or not : 
words, a bob vibrating in a small circular arc is 
identical with one in a cyeloidal arc described by a s 
the same length. The actual time of a circular vi 
cannot be calculated without the aid of the higher hi 
of the integral calculus, and even then it can only b 
bited in the form of a rather awkward series, which 
be little better than useless, except for small arcs ; a 
them it is quite sufficient to take only the two first tej 
it. The whole calculation may be found in Pratt's Mech 
or in the 8th edition of the Encyclopedia Britanniea, 
article Pendulum. The first term is simply the ezpn 

for a cyeloidal vibration, < = ir ^ /-, the letters of \ 

I have already explained at p. 25, for the conical pendo 
whose time of vibration you now see is less than that 
plane pendulum of the same length in the proportio 
\/cosine of the angle which the conical one makes with 
vertical axis. 

Circular error. — The next term in the series (omiti 
all the later ones which are still smaller) constitutes 
circular error K, or the excess of the time of vibration b 
circular arc over that in the cyeloidal one belonging to ; 
same length of pendulum ; and it is accurate enough for 

practical purposes to say that K = ir —^ /- ; and thej 

la'V 9 
fore for a whole day, K = 5400 a* in seconds, whatever ti 
length of the pendulum is ; the amount of which pa mt 
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easily calculate from the fact that if a= 2^, as asnal in 
clocks, its numerical value is '035, and therefore E = about 
6 seconds. But this is more than what is called the circular 
error in a clock pendulum ; for we need not care what is the 
difference between the time of a cycloidal arc and the actual 
circular arc which the pendulum describes, but only between 
such two small circular arcs, a and a,, as the pendulum is 
likely to describe in different states of the clock. This 
quantity, which we may call A E, is only 5400 (a* *« a,*) ; 
and if we assume the larger of the two arcs to be as much 
as 2%^ and the smaller 2°, the circular error between them 
will be rather less than 4 seconds a day. This is a very large 
variation of arc for a tolerably good clock, and when it is as 
small as it generally is, the circular error may be expressed 
by differentiating the expression 5400 a', and we may say (so 
long as both the arc and its variations are small, remember) 
that A E = 10800 a da {da being the variation of the arc). 
Thus if a= 2° and rfa =to ', A E will be very nearly 
I second : i,€. the clock will lose a second a day for such an 
increase of the arc, independently of any other increase or 
counteraction of the circular error, which may be produced 
by the escapement at the same time. 

For the common purpose of finding the length of a pendu- 
lum to beat seconds, or any other required time, we need 
not trouble ourselves with anything beyond the equation 

t = * A / ^> ^ which t is the number or fraction of seconds, 

and I is expressed in feet, because g means 32*2 feet (in this 
latitude), and iris 3-1416 or the numerical value of 180**. 
Therefore in order that t may be i second, you will easily 
find by a little calculation that I must be 39*1393 inches; 
and having got that fixed, you may find the length of 
pendulum for any other time of vibration very easily by 
multiplying 39*14 inches by the square of the ratio of the 
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intended time to i second. But to save tronble I 
down a few of the lengths, omitting small fractions. 

6i 

39 

22 
'7 

9 

These seconds, and the second nsed as the unit of 
all mathematical formolad, are seconds of mean time ; 
a sidereal day is shorter than a mean one in the 
'99727 to I, a sidereal pendolam mast he shorter 
mean one in the square of that ratio, which mal 
sidereal seconds pendolam at Greenwich 38*87 idcI 
have met with persons who coald not anderstand li 
increasing gravity can make pendalams go faster 
others, with a little mathematical knowledge, think thi 
force varying as the distance from zero (in small ai 
opposite to the fundamental law of gravity varying inv< 
as the square of the distance. The answer to the seco 
these is, that the zero, or middle, or lowest position 
pendulum is not an attracting hody like the earth (v 
attracts as if it were all condensed into its centre) ; an( 
tendency towards zero is only a mathematical conseqnen 
that law of gravity. The stronger the tendency to zero, 01 
stronger gravity is, the faster the pendolam will evi^e 
fall ; and the sooner gravity will hring it again to rest in ris 
The time of rising always = the time of falling, under 
force which is equal at equal heights during the rise and i 

Centre of osoillation. — ^It must he remembered t 
these are only the theoretical lengths of simple penduh 
with all the weight concentrated in the centre of the bob, s 
that this theoretical length hy no means coincides with i 
actual length down to the centre of gravity of the pendoliu 
but is always longer. This length may properly be ealh 
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the radius of osciUation, as the lower end of it is always 
called the centre of oscillation ; which is not a fixed point in 
the hody, like the centre of gravity, hnt a relative one, every 
axis of suspension having a radius and centre of oscillation 
of its own. It is not always a simple process to calculate 
this length (which we may as well call I) for any given 
pendulum, as it requires eitiier the integral calculus or some 
rules deduced from it ; hut it will he easy to explain the 
nature and meaning of the quantities on which it depends. 
Let m he the mass of each particle of the pendulum, which 
in these calculations must not he confounded with the 
weight, which it written mg {g heing the force of gravity), r 
the distance of m from the axis of suspension, and M the 
mass of the whole pendulum ; then the radius of oscillation 
= the sum of each particle multiplied into the square of its 
distance from the axis, divided hy the sum of each particle 

multifdied into its distance simply ; that is to say, I = -= 

^rnr 

(2 heing used to indicate this kind of summation, which can 

only he performed hy integration). 

The numerator in this fraction is called the mommt of 

inertia of the hody with reference to that axis of suspension. 

Of course there is some quantity 1^ which = ^^ , and k 

is then called the radius of gyration for that axis, and MA* is 

obviously the moment of inertia again. In like manner 

% m r 
some quantity h = -rj— » and h is then the distance of the 

centre of gravity of the whole pendulum (not of the bob, 
remember) from the same axis, which is easy enough to 
find in bodies of the shape commonly used for pendulums. 
It appears then that the efiective length ^ of a pendulum 

always = - ; and it is only when the rod is very thin and the 
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bob itself small but heavy, that k and h can be assui 
even approximately identical, and therefore both = I 
are in a simple pendulum. But it does convenientlj 
that the centre of oscillation in small pendolmns of t 
forms is generally near the centre of gravity of the 
sometimes coincides with it, as we shall see. 

This quantity MA;', the moment of inertia, always 
m mathematical formulaa as the resister of forces of i 
or vibration on an axis, and of all disturbances o£ sacl 
after they have set the body in motion, and th 
we see at once why long and heavy pendulums are 
than short and light ones. There are a few other simp 
positions relating to the centre of oscillation and the 
of pendulums, which it will be appropriate to notice he 

Draw a pendulum of any shape you like, supposed 
vibrating in the plane of the paper, and call its cen 
suspension S, and its centre of gravity G, and the dis 
between them h. All bodies have this property, that 
moment of inertia round any axis through G (which w< 
MA^') is less than round any other axis parallel to tbat^ 
we are not concerned with any but parallel axes; 
further, if the other axis is distant h from the centi 
gravity, the At* round that new axis = Ac,' + h\ Therefore : 
somewhere below G, is the centre of oscillation corre8pon< 

to S, Z or SO = ^ ^ ; and Z -^ h, or GO =^; or 

centres of suspension and of oscillation are reciprocal, 
fact, if the pendulum is wide enough, you may draw t 
circles round G with radii G S and G 0, and if you stick 
axis through the pendulum, at right angles to the same pla 
of vibration, anywhere in either of those two circles, it vi 
vibrate in the same time as on the original S. Cons 
quently, if you construct a pendulum (symmetrical on bo 
sides of its middle plane of vibration, to prevent it swingii 
with a twist) Ydth one fixed axis S, and another a^'ostabJ 
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one for O, and a movable weight to a^jast the time by, yon 
can make it vibrate in the same time on both axes ; and by 
adjusting the movable weight also, the pendolom can be 
made to agree with the vibrations of a clock pendulum 
which is beating seconds ; and then the distance between S 
and 0, or the two knife edges which represent them, being 
measured, we shall know that that is the length of the 
simple seconds pendulum. It has also been proved that if 
round axes are used instead of knife edges, the distance 
between them (not their centres) equally represents the 
radius of oscillation, provided the axes roll on a plane. 

If all the standard yard measures in the kingdom should 
ever be lost, they could only be restored by this process, 
according to an Act of Parliament, 5 Geo. lY. c. 74, which 

declared that a yard is — 5 of the length of the pendulum 

39*i393 
which vibrates mean seconds in London at the level of the 

sea, in a vacuum. The force of gravity decreases so much 
towards the equator that an English pendulum would lose 2^ 
minutes a day there. The following rule for the length 
of the seconds pendulum in any latitude has been deduced 
from observation, near enough for all practical purposes: 
I = (1 — '0027 cos 2 lat.) 39*1156 inches; that number of 
inches being the length of the pendulum at lat. 45^. When 
the latitude is more than 45^, cos 2 lat. becomes — , and 
so I exceeds its length at 45^, as of course it ought to do. 
Another still simpler formula is I = 390 17 [the length of a 
seconds pendulum at the equator] + '2 sin' of latitude. 

That Act however has been repealed, and some standard 
weights and measures are deposited in various public places 
under an Act of 18 & 19 7ic. c. 72. The late Astronomer 
Royal provided a set, open to anybody, at the Observatory 
gate. But if they all happened to be destroyed, new ones could 
be made from tiie old pendulum ratio. Indeed Mr. Johnson 
of Wilmington Square had one ready for that calamity. A 
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simple pendolum 36 in. long would vibrate in a tim 
is to IS. as 36' to 39.X4^ or .846 of a second, or 70.9 
in a minute ; and he has made a clock with a re^ 
pendulum vibrating in that time, and consequently ^6 
between the two knife edges. 

The length of a seconds pendulum so nearly resemb 
French metre of 39.371 in., that some persons may 
that that most ridiculous and mischievous revolutj 
measure had an origin even as rational as being the J 
of a seconds pendulum in some latitude. But it hai 
It was intended to be the 40 millionth part of a meridi 
the earth — about as rational a standard as if we enacted 
the yard should be the 420 millionth of the mean distan 
the moon, which it is very nearly ; and astronomers 1 
the moon's distance within a less fraction than the differ 
of the metre from what it pretends to be, but is not."" 
there are people who want to force on all the world 
absurd, inconvenient, and useless measure, invented h 
nation whose language is declining over all the world ; w 
the English language, vdth that standard of measures wh 
every man carries in his arms, his legs, and in his head 
spreading over all the world, so that it will soon be 1 
only universal language to be found everywhere, if it is 1 
so already. Doctrinaires of this kind may cram pens 
school girls with French metres, and centimetres, a: 
kilograms ; but our yard grew and will remain as ti 
natural standard of length until the stature of the homa 
race alters. For it is the length of a good stride of a ma 
of what is generally considered the best height, and tha 
height is two such lengths, and so is the stretch of his arms 
and a yard is the natural length of his walking-stick. I 
metre would be the yard of a nation of giants. With tin 
yard too goes the equally natural and still older measure oi 

* See the essay 'On Celestial Weights and Measures/ in Sir J. 
Herschers Familiar Lectmit^ condemniDg the metre strongly. 
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a foot, which all nations had, with snch small variations as 

would occur in times when they had no scientific provisions 

for preserving exact standards. Some great authorities 

helieve inches to have been the oldest measure of all ; and 

the Egyptian cubit, which was unquestionably used in 

building the Pyramids, from the many simple multiples of it 

which occur there, confirmed by the discovery of one 

accidentally built up in a wall at Thebes, was probably 20 

of their inches, being a little more than 20 of ours ; and 

the 'sacred cubit* of the Jews was 25, according to Sir 

Isaac Newton. Probably the authors of the new 25 inch 

to a mile Ordnance survey of England little thought that 

they were reverting to that ancient standard. At the same 

time, I do not accept the theory of the Scotch Astronomer 

Royal,* that the 25 inch cubit was embodied in the 

Pyramid dimensions, besides the one of 20*7 inches, or 

20 of some of the old continental inches. A variation of one 

thousandth is practically nothing in unscientific ages, and 

is less than the variation of many foot-rules now, and it is 

singular that if our inch were a loooth longer, the earth's 

polar axis would be just 500 million inches. 

9hort and slow pendnliims. — There is a kind of 

pendulum which is properly enough used in the instrument 

called a metronome, for counting the time in music lessons in 

a way that requires no particular accuracy, and occasionally, 

but very improperly, used for small clocks. It follows from 

the propositions I have been explaining, that if a pendulum 

with a heavy rod is set vibrating on an axis very little above 

its e. g. it will vibrate slowly, like a scalebeam; and 

consequently you may have a 2 seconds pendulum in the 

compass of a few inches. But even if the weight of it were 

equal to that of a large pendulum, its regulating power, or 

power to resist disturbance, would be very much lesSy 

* See an amiuing pamphlet on it by Mr. F. D. Waokerbarth, and the 
xemarla on the PyTaiiiidm my 'Book on Building.' (Lock wood & Co.) 



43 SHORT AHD SLOW PENDULUMS. 

because that is measured * by the moment of inertii 
which is the sum of the weight of each particle x its die 
from the axis, and that of coarse mast be small in a 
pendalam, thoagh its time may be long if 7i is very 
The time of a metronome pendolam is a4jasted by a 
sliding weight on the rod above the axis of vibratioj 
bob being of coarse below it. Moving the weight np h 
the c. g. of the whole nearer to the axis, and also incr 
the M^ of the whole, and so in both ways makes i 
slower, and vies vend. It is kept gding by a roughly i 
watch movement and a common recoil escapement, suci 
I shall describe presently for clocks. 

Shape of pendiiliims. — ^Whatever the shape of a ] 
dulnm is in other respects, it is essential that the back 
front shoald be alike both in weight and shape ; or to sp 
mathematically, that it shoald be S3n[nmetrical on e 
side of the middle plane of its vibration, or it will wobi 
and vary its time in some irregalar and incalcalable w; 
It does not signify however, if one side of the bob is lar^ 
than the other in the direction of vibration ; bat as it 
woald look ngly and the other does not, one never sees t 
ngly bat innocent deviation, bat freqaently the other ; f 
the pendalams of common clocks are often nnsymmetric 
in the back and front, and are therefore bad ones, thong 
perhaps as good as the clocks they belong to. For th 
reason the old fashioned lens-shaped bob, or the flat chees 
shape which some clockmakers ase for charch pendalams 
are not good ones, becanse it reqaires great care to fix thea 
with their own middle plane coinciding with the middle 
of the rod. It is true that a lens moves throagh the aii 
with less resistance than any other shape; bat then it 
mast be very large to be of the same weight as a sphere or a 
thick cylinder with the axis vertical, and we shall see after- 
wards that nearly all clock errors are inversely as the weight 
(and length) of the pendalam. Bat there is a shape which 
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would probably be foand to combine some of the advantages 
of both, though Baily*s experiments (in Phil. Trans, for 
183a) showed some results which no one could have 
foreseen ; I mean a cylinder of elliptic section, or one having 
the same horizontal section as a lens, but thicker; or of 
the section formed by two arcs of a cii'cle of 120^, which 
would make the horizontal length and thickness as 12^ 
to 7 inches — a very convenient size for a large bob 13 in. 
high ; which would weigh about 188 lbs. in cast iron and 
288 in lead, and is equal to a round cylinder of 8^ inches 
diameter. But such figures are only approximate, the 
weight depending on the density of the casting ; and I have 
neglected the hole for the rod, as that would be compensated 
and more by the rod's own weight. A spherical bob is not so 
good as this shape, because a slight error or looseness in the 
hole would throw much more of the weight on one side and 
increase the tendency to wobble, a very serious defect. For 
all practical purposes a cylinder is probably the best shape, 
and is used now in all the best large clocks. I also 
introduced the plan of making the top slightly domical, to 
prevent bits of dirt resting on it, which would accelerate the 
pendulum, as we shall see presently under * regulation.* 

Bobs for large clocks are generally made of cast iron, 
partly because it is cheaper than lead, and also because very 
heavy lead bobs are liable to be bruised out of shape in 
moving about before the pendulum is hung. But there can 
be no doubt that lead is best, as its specific gravity is half as 
much again as iron, and therefore it is less resisted by the 
air, which we shall see afterwards afiects pendulums by no 
means insensibly. For the same reason it is a mistake to put 
lead bobs in brass cases, as is usually done in ' regulators * or 
astronomical clocks, as it increases the bulk much more 
than the weight. The lead looks very well japanned. It is 
equally absurd to case lead weights in brass, though it does 
no actual harm as it does in the bob. 
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Siupensioii of penduli 

Pendulams are generally bus 
by a spring, for the obvions 
that they then swing withoi 
friction — except of the air. 
French pendnlnms are still 
by a string, but that has 
friction. The spring is not dee 
to act with any force as a sj 
though it does very slightly, 
therefore is not at all analogoi 
the balance spring of a watch, ^^ 
is thus the substitute for gra 
The spring is enclosed in a slit 
between two pieces called chop 
the top of the pendulum, which ; 
carry the rod, except in the Am 
can clocks, where the wire itseh 
flattened out into a spring. The ; 
of the spring is also riveted betwc 
two smaller pieces in common clocJ 
so as to make a lump which hoi 
up the spring in the cock, which 
a fixed piece with a slit id 
just wide enough to hold tl 
spring. In clocks of the highe 
class the two upper chops are muc! 
thicker and firmly screwed together 
and a large pin put through them 
and the chops themselves go througli 
the cock tightly and are held np 
by the pin which lies in Vs. This 
will be better understood by this 
picture of a heavy pendulum and its 
suspension. We are not concerned 



SUSPENSION OP PENDULUMS. 45 

with tBe lower part jast yet. The nearly square plate is 
a cast iton plate bolted to the wall, out of which project 
the two thick pieces on which the pm lies. The pin itself 
is like a bolt with a tail projecting backwards through thQ 
head, and the piece corresponding to the head, on the right 
side in tiie figure, is the nut. The chops of the pendulum 
itself are shown a little below, and the way I introduced 
of making them for 'regulator' or astronomical clock 
pendulums which have the steel rod screwed into a solid 
piece, is to file out a slit wide enough to hold the spring 
and a piece of brass on each side of it, and the whole is 
pinched together by a screw. You cannot cut a slit thin 
enough for the spring alone. This will be shown in the 
figure of the four-legged gravity escapement hereafter. 

A perfectly firm suspension is essential to good per- 
formance of any clock, and the heavier the pendulum the 
firmer its support must be. It is well known that clocks 
will influence each other when fixed against a wooden wall, 
however firm it may appear, and that one pendulum^ will 
thus actually set another of equal length vibrating. Conse* 
quently a free pendulum can be kept swinging from an 
apparently immovable support which has an invisible 
vibration or twist imparted to it by a clock below beating 
in the same time. All good regulators have the pendulum 
cock screwed to the back of the case, and that firmly 
screwed to a strong wall ; or, better still, the cock is cast 
with a cast iron back or bracket which also carries the 
movement, and that is screwed directly to the wall, the 
whole front of the case lifting ofif. In the Westminster 
clock the pendulum cock is a large iron frame built in right 
through the wall with a flange behind, and the cocks of 
many other large clocks are fixed with bolts through i^ 
wall. With a firm suspension the pendulum swings farther 
than with a weak one, and we shall see afterwards that 
(other things being equal) the errors of clocks vary iu- 
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versely as the sqnare and sometimes as the cnb/^ 
arc. 

It is hardly Deeessary to say that the whole of th e j 
lam snspension should be so adjusted that the bend • 
spring may be exactly opposite llie pivot of the pallet i 
in order that the fork which embraces the pendulo] 
described at page 30, may have as little friction as pos 
It most not however be tight, for the reason just now g 
viz. that no point in the pendulum describes quite a c 
and the difference is sensible enough generally to stoj: 
clock if the fork fits the pendulum rod too tightly, 
equally necessary that the plane of vibration of the poj 
lum should be exactly at right angles to the pallet arboi 
else there will be a sliding motion of the pendulum hi 
wards and forwards in ihe fork. But obvious as tl 
things are, they are all constantly neglected, especially 
large clocks, where the friction of all the parts is also 
greatest. The fork indeed is seldom left too tight, becai 
that mistake tells its own story directly ; but, by way 
making up for it, it is very often so loose that you hear t 
shake of it from one side to the other at every beat. The 
ought to be a drop of oil there, as that is jast enou^ 
to keep a steady hold without either shake or tightnes 
since oiled surfaces are not really in metallic contact. 

In old church clocks a long pendulum was often put fc 
convenience a good way off the clock, but so as to swic, 
in the same plane as the crutch, which is connected with i 
by a light horizontal wooden bar, no heavier than an orgai 
' tracker.' The pendulum top too was often higher than th( 
pallet arbor, so that the pallets moved through a larger arc 
than the pendulum. There is no advantage in that ; but if 
the pivots at the ends of the horizontal bar fit closely, there 
may be less loss of power by ' shake ' than there generally 
is between the fork and the pendulum. Indeed I have seen 
old regulators made in that way, even with the pendulam m 
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the nsnal place, by asing two short horizontal arms thas, 

D -^^^^ p, C being the pivot in the crutch, P the pivot 

in the pendulum, and D the one at the junction of the two 
arms DC, DP. But this is decidedly inferior to the other 
plan of putting the pendulum on one side of the clock, since 
that requires only two pivots instead of three, and there is 
no twisting action on the pendulum. If the horizontal bar 
were attached by slight springs it would be better still, for 
there would then be neither shake nor friction, and the springs 
would no more impede the action than the pendulum spring 
does, for any moderate arc. There is yet in existence one 
great London clock of the last century with fans on the pen- 
dulum just above the bob (like the wings on the ankles of 
Mercury) to prevent it swinging too far, and they are 
actually placed obliquely, of which the effect of course is to 
make it swing with a twist. The late Mr. Vulliamy told me 
he removed fans from the pendulum of the Horse Guards 
clock. Sometimes heavy pendulums are hung by two 
narrow springs instead of one broad and thin one, to secure 
the vibration in the proper plane ; but it is a bad plan, 
because it is difficult to get the two springs equal in all 
respects* The springs of * regulator * pendulums of 14 or 
15 lbs. are generally about ^ an inch broad and 2 inches 
long ; I mean clear of the chops of course ; that of the 6 cwt. 
pendulum at Westminster is 3 in. by 5 and ^/eo in. thick. 

There should always be a degree plate, with a pointer to 
it on the pendulum wherever it can be most conveniently 
seen. The length of 4^ on the plate is always '07 x its 
distance from the top of the pendulum ; and as the only use 
of the degree plate is to see that the pendulum keeps the 
same arc, or to see how it varies, no very great accuracy is 
required in the degrees. 

Fendiiliim springs. — Various opinions have been pro- 
pounded on the proper strength for them, but none on any 
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solid gronnds, and some on altogether mistaken ideas o 
duty of the spring. Probably the thinner it is the hi 
provided it is thick enough not to be bent too sharp 
strained by the weight of the pendulum. Every now 
then a clock is troubled with the disease of spring- brea 
over and over again. Sometimes this proceeds from 
lower edges of the upper chops being left sharp, whic 
time cut the spring; and perhaps more frequently i 
some unseen inequality in the fixing ; and it is better U 
the pendulum hang at first with the lower chops a 1: 
loose, and only to screw them up after the pendulum has 
a square bearing, and to take care not to put it out 
doing so. It is wonderful how much more trouble pec 
will take to do things wrong than would serve to do tb 
right, and it is almost incredible that some clock-mak 
send out their best clocks with the lower edges of the up] 
chops not horizontal but rounded into a circular a 
The slightest reflection would show anybody that springs 
fixed must tend to ' buckle,' or bend not in a straight lii 
at every vibration. And others make the upper choj 
which have the strain of vibration, thinner and weaker thi 
the lower ones which have no strain. There should alwa; 
be a block of wood close under the bob of a heavy pendnlni 
to prevent the top from breaking the crutch and pallets if 
falls from the spring breaking. 

A spring does not bend only at one point as a string does 
and therefore a pendulum bob hung by a spring does m 
move exactly in a circle, but in something more like 
cycloid described with that radius of curvature, as in fig. £ 
p. 32 ; and it has often been attempted to make spring 
which would render the pendulum absolutely isochronoa; 
for all such arcs as it is likely to swing. Possibly the thin^ 
could be done, if it was worth doing; but both I and som( 
other persons who have spent a great deal of time on ezperi< 
ments have come to the conclusion that it is not, for reasons 
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which will appear when we come to consider the effect of the 
escapement on the time of vibration. Indeed I may say at 
once, with respect to the only escapement I have yet de- 
scribed, and all others on the recoiling principle, that the 
circular error, which it is the object of these spring con- 
trivances to correct, is already more than corrected by those 
escapements : for the clocks never lose, but gain, when the 
arc of the pendulum increases ; so that the circular error is 
actually useful for counteracting the escapement error, and 
the clock goes better than it would with a perfect cydoidal 
pendulum, or any equivalent contrivance. 

FendQlnm regulation. — Though pendulums can be 
made by calculation and experience very nearly of the 
proper length, they always require some adjustment after- 
wards, besides regulating from time to time, according to 
the state of the clock. The usual way of doing this is by a 
screw cut at the lower end of the rod, with a nut on which 
the bob rests, and by which it can be raised or lowered to 
make the pendulum go faster or slower. The lower part of 
the rod is always made into a square or some shape on 
which the bob cannot turn, except in certain compensated 
pendulums, as we shall see ; for otherwise the bob would 
twist round with the nut. By that means you can hold the 
bob and the rod steady while you turn the nut. It is con- 
venient to have the thread of the screw such that one 
complete turn of the nut will make a minute a day difference 
in time ; and the better class of pendulums have a large 
round nut divided by marks which moan a second a day, 
with an index fixed to the bob. 

It is easy to find what should be the width of the thread 
for one turn to do a minute a day. Let I be the length of 
the pendulum, and dl a small increase of I, and dt of U Then 
we know that 

t + dt_ ^/^Tdi ,jL,dt_ /'TTdi 
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There is a result of the binomial theorem which we shall 
often have occasion to nse in pendulum problems, which 
may be stated thus : — When a quantity is of the form i -f m, 
m being a small fraction, ( i + mY practically, or as astio- 
nomers say, sensibly = i + nwi, whether n is + or — , a 
fraction or an integer; and it may be as well to mention 
for those who do not know it that (i + m)'» means 

; — • r- . Consequently here — = — t> and multiply- 

ing by all the seconds in a day, 86400, and calling dT the 

daUy increase, (iT = . sec. So if we want ^iT to be 

a minute for one turn of the nut, dl or the width of the 

thread must = — , or about -- inch, a very convenient 
720 18 

size for a fine screw. 

But this mode of regulating is inconvenient for large 
clocks with very heavy bobs, and it is better to fix a collar 
on the rod at some convenient height, on which small 
weights can be laid to accelerate the clock, ana taken off to 
retard it. The place where a given weight is most effective 
is at the middle of the length, but it does practically as well 
to put it somewhat higher, and the higher it is the less risk 
there is of shaking the pendulum in putting the weight on or 
off, by which any accurately going clock is seriously dis- 
turbed. The proportion and position of these regulating 
weights are determined as follows : — ^Let m be a little weight 
added to the pendulum at a distance d below the top, and h 
above the centre of oscillation ; then — 
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and since ^ is very small this practically 

(mcP \ / md \ 

. . , m /d d^^ 
which agam for the same reason = 1 rrr Ij — n) 

I 
From which you see at once, that, if rf = — , — dT or the 

daily acceleration = ^^ ^ ^ > or the 10800th part of M 

laid on the pendulum half way &om the top will accelerate it 

I 2I M 

a second a day; and if d = either - or — , wi must = 

•^ 3 3 7200 

to do a second a day. 

We shall get exactly the same result for b if we reckon 

from ; for if you substitute I — 6 for d in this last equation, 

the result is that — = — -^ (f "" ^) ' *® "^^^^* ^^^^ 
been foreseen from the fact that the centres of suspension 
and oscillation are reciprocal (p. 38)* You will easily see 
too that the worst mode of regulating is by a sliding weight 
near the middle of the pendulum ; for the acceleration by 
moving the weight upwards from b to d ia measured by 

dl -^ bl + b'— d' , . , . , , . • 
^ , which 18 o when d = 6, and very 

little while they are anything near equal. In short the 
middle of the pendulum is the place of maximum effect for the 
weight, and of minimum effect for moving it. 

Temporary regulation is also sometimes requiied in 
the best clocks : i.e. they want putting on or back a few 
seconds or less, though the penduluni may not want per- 
manently altering. Stopping the pendulum and setting it 
off again so disturbs it for some time that it must be always 
avoided if possible. One way of altering the clock a veiy 
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little is to put on or take off a small regulating weight for a 
certain number of hours. Another mode now resorted to in 
very fine clocks is to apply a temporary magnet, which can 
be made and unmade for any required time, so as to act 
on the pendulum either with or against gravity, and so to 
accelerate or retard the clock, until it shows the proper 
time. Other methods have been tried which all disturbed 
the pendulum too much. The first is used at Westminster, 
where it is easy to put on small weights without disturbing 
that slow and heavy pendulum. I regulate my best regulator 
with a gravity escapement by bits of card laid on the bob of 
about 40 lbs. : that is, for permanent regulation. 

Some common clocks are regulated by a nut at the 
top, above the cock, which pulls up the spring through 
the slit in the cock; but this is thought unfit for 
fine work, because the spiing ought to be tighter in the 
cock than is possible if it is to be capable of being pulled 
down by the weight of the pendulum. But I rather doubt 
that, if it is made carefully. 

Compensatioii of pendnliims. — ^All substances of which 

pendulums can be made expand by heat, and consequently 

every pendulum naturally goes slower in hoi.weather than 

in cold ; and though the lengthening of the rod is far too 

small to measure, except by most delicate experiments, it is 

enough to make a difference of a minute a week between 

moderate winter and summer heat (40^ and 70^) with a 

common iron wire pendulum, and in five days with a brass 

one, and a minute in three weeks even with a wooden rod, 

which varies the least of all materials, but is subject 

to a little uncertainty from absorption of damp. The 

following is a table of the expansion of such materials 

dl 
as can be used for pendulums, i.e. of— for 1000° (F) of 

heat, which I use to get rid of unnecessary decimals, as we 
are only concerned with the proportions : — 
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White deal, and perhaps other woods, have '0023 expan- 
sion, and specific gravity from '5 ap to '9. 
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its expansion in length depeiiding on the vessel. 

These differences make it easy to devise a pendulum which 
will always keep the bob at the same height. To take the 
most simple example, suppose we set a brass tube 6*4 ft. 
long on a nut at the bottom of a steel rod of 10 ft. ; it is 
evident that the top of the tube, or a bob resting on it, will 
stay at the same height in all temperatures. This would be 
a very inconvenient sort of pendulum, but we can do the 
same thing by breaking np the long lengths into pieces, none 
of which must be more than 3 ft. for a 39 inch pendulum, 
and consequently a steel and brass pendulum most have 
three lengths of steel and two of brass. Accordingly the 
old gridiron pendulum, invented by Harrison, who became 
the first chronometer maker of his time from a carpenter, had 
a central steel rod with a cross at the bottom carrying two 
upright brass rods as columns, on the top of which was 
another cross piece from which hung two steel wires, again 
carrying a cross at the bottom, on which two more brass 
columns stood, and from the top of them hung two more 
steel wires carrying the bob. 

Another form of it, invented by Troughton, was to substi- 
tute alternate brass and steel tabes for each pair of rods. If 
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iron were ased instead of steel, another pair of each would 
be required, making thirteen rods altogether. 

But since the introduction of zinc-working brass pendu- 
lums have gone out, because zinc expands enough to do the 
compensation with only one zinc tube, and is stiff enough, 
which lead is not. It might also be done with platinum and 
brass, but that is too expensive, and zinc with steel or iron 
does just as well The figure at p. 44 shows the best con- 
struction of large pendulums of this kind, and that of small 
ones is substantially the same, only short zinc tubes may be 
much thinner in proportion than long tubes, which have to 
carry heavy weights, acting as a column which must run no 
risk of bending. For small pendulums the zinc need not be 
more than *i inch thick, but for 2 -sec. pendulums, with bobs 
of suitable weight, the zinc tubes are made three-fold, all 
drawn tight upon each other, and altogether f in. thick. 
The tubes for somewhat lighter bobs and shorter pendulums 
may be half that thickness, or even less. No rule can be 
given for such things. For i-sec. pendulums a steel rod i in. 
thick is enough, but for a heavy bob I prefer f in., as it has 
to be tapped for screws at each end. I will give some 
farther directions about construction presently. 

The calculations for the proper length cf zinc are not quite 
so simple as you may imagine, except as a first approxima- 
tion : m fact, if you attempt it all at once it is much too com- 
plicated to be practicable. We have seen at p. 51 in effect 
that the transfer of a very small weight from the lower part 
of a pendulum to the upper produces a great acceleration, 
and this happens in the rismg of the weight of both tubes 
under expansion, yet it cannot be taken into account in any 
simple calculation. I suppose it is from this cause that the 
expansion of zinc, given in all other tables as '017 for 1000° 
of heat, gives wrong results for these calculations, as is 
proved by experience. I find *oi6 is the nearest value to 
produce right practical results. You must remember, too, 



ZINO AND STEEL COMPENSATION. 55 

that the point which we have to keep at the same level is no 
measurahle one, such as the centre, or the bottom, or the 
top of the bob, but the c. o. of the whole pendulum, and 
we know nothing a prion of its relation to the top of the tubes 
or the total length of the pendulum, by which I always 
mean down to the bottom of the bob ; for all these have to 
be found by trial. In the usual astronomical, or i-sec. 
pendulum of this kind, it happens that the c. o. of the whole 
nearly coincides with the c. g. of a bob of 9 x 3 or 3>i or 
4 inches ; but in large ones with heavy tubes it comes much 
nearer to the top. 

Again, an iron bob may be considered as attached to the 
iron tube anywhere, as they both expand equally; and 
therefore, as fixed at the c. o. And a lead bob Diay in fact 
be fixed at the c. 0., and now generally is in the best 
pendulums, in order to avoid the slower changes of tempera- 
ture in a thick bob than in tubes. But in commoner ones it 
is hung on a flange or collar at the bottom, and then you 
get the benefit of the expansion upwards of about 4>^ in. 
of lead (up to the c. g. or c. 0.) in addition to the zinc tube, 
which therefore has to be shorter than in the two other 
cases. And further, if the rod is steel its expansion is at a 
less rate than of the iron tube. 

Bearing in mind, then, that any practicable calculation is 
only approximate, we may proceed with them as follows : 
Let I (as usual) be the length from the top of the spring to 
the CO.; r the length to the bottom of the zinc tube, which 
rests on the nut at the bottom of the rod ; z the zinc tube to 
be found ; s the iron tube, which may or may not = z^ as 
just now explained ; c the height from the bottom to the 
c. o. Then for a steel rod, and a lead bob resting on the 
bottom, we must have — 

'oi6z + '01650 = '0064 r + '0075 .... A. 
But now s ^ Zi assuming all the bottoms to coincide, as 
they always do nearly ; and we know by experience c to be 
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about 4*5 in. for a 9-in. bob, and r about 44 in a i-sec. 
pendulum, and we may introduce them at once, bearing in 
mind that the moment you translate one algebraical letter 
into inches all the rest become numbers of inches only. 
Then transposing all the unknown and known terms to 
opposite sides, equation A becomes — 

(•016 — '007) z =*28i6 — '0742 = '2074, 
which gives ;s; = 23 ; but it is safer to begin with the tubes 
a little longer, in case the compensation is not found quite 
enough, as they are easy to shorten, but impossible to 
lengthen. 

When the bob is fixed, or may be considered fixed, at its 
c. 0., the equations will be, first, for a steel rod and lead bob 
fixed at its middle, 

•016 «= -0064 r+ '007 « = '0064 r+ •oo7(£f — c) . . . B, 
and for iron rod and bob, •016 z = '007 (r + 2 + c) . . . C. 
Taking the same values as before for r, &c., B will give 
28*3 in. for z ; which, however, is more than the length of 
zinc in the Greenwich sidereal pendulum, adjusted to mean 
solar time in order to compare it with others. I had my 
own made full 28 in., and I have no reason to think it is 
over compensated, but I cannot say I have tried it specially 
for compensation. The Greenwich one, with z =1 26 more 
agrees with the tabular expansion '017 of zinc, but not 
quite. 

The Westminster pendulum, I know by its weekly rate 
for a year, is exactly compensated. It was made at first for 
the 'CI 7 expansion, and was soon found to be under- 
compensated, and we had to make new tubes. If you insert 
in equation C the lengths given for that pendulum in the 
table below, you will see that *o 16 almost exactly agrees with 
the ascertained results, c being of course = r — I, All the 
heights of bobs m this table are reckoned to the top of the 
dome, and my own, the third in the table, at Batch Wood, 
St. AlbanSi is slightly domed at the bottom also, and the 



sec. 


I 


r 


Z 


bob 


iX 


6i 


68-5 


48-5 


14 X 8 


i>^ 


88 


98 


68 


15 X 9 


I'A 


88 


96-5 


61 


14 X 8 lead 


2 


156-5 


173 


125 


20 X 12 



THE HEAVIEST PENDULUMS. 57 

weights are those of the whole pendulum approximately, as 

nothing respecting compensation turns on them. All the 

measures are inches. 

Weight of 
pendulum. 

200 lbs. 
300 »» 
300 »f 
700 „ 

The tube should have some holes or long slots (which 
look better) on each side, to allow the air to reach the zinc, so 
that both tubes may change their temperature simultaneously. 
At Westminster the zinc weighs 67 lbs., and the iron tube 
40 lbs., and the rod 62 lbs., out of the 700 lbs. total weight. 

That is no longer the heaviest pendulum in England, for 
Mr. Godman, a clockmaker, organ-builder, and bicycle- 
maker at St. Albans, has put a 2)4 -sec, pendulum to the 
clock which he made for St. Peter's church there with a bob 
of 9 cwt., which he made in pieces called 'shifters' in clock 
weights, piled on each other like cheeses, to make it manage- 
able without machinery, which is practically as good as one 
piece. And that has lately been exceeded by a 2-seo. 
pendulum of 12 cwt. in St. Nicolas's Church at Bristol, by 
Mr. Langford there. It is an odd coincidence that both 
those makers had the boldness also to put the gravity 
escapement a long way off the clock, because for local 
reasons it could not be near the best place for the pendulum, 
and Yriih. a gravity escapement that may be done very well. 
I need hardly say that thin iron rods on each side of the 
zinc tube may be used instead of the iron tube if you 
like. 

In one or both those places there was this good reason for 
so separating the escapement from the clock — and there may 
be the same in others, especially where new gravity escape- 
ments are put to old clocks — ^that the dock itself could not be 
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fixed firmly enough to carry the pendulnm without yielding ; 
the impoi-tance of which has been noticed at p. 45, and will 
be proved farther on. But there was no difficulty in fixing 
the escapement with the pendulum on iron brackets bolted 
to the wall. 

Some persons appear to be misled by the well-known 
necessity for a secondary or auxiliary compensation in 
chronometer balances, which will be explained afterwards, 
into supposing that no single compensation of a pendulum 
can be complete."* But they depend on di£ferent principles, 
and the errors of an uncompensated balance are twenty 
times those of the commonest iron wire pendulum for the 
same variations of heat, being 6 sec. a day for i'' of heat, 
according to experiments. I may as well however explain 
a little more about the matter. The complete mathematical 
calculation for compensated pendulums does exhibit a very 
small and insignificant error, which is never taken account of 
in the ordinary calculations, and I only mention it to say 
that it is so small, and is not the defect which the persons I 
refer to have imagined. It is the effect on the moment of 
inertia, and therefore on the time of the pendulum, of the 
increase of length of all the rods and tubes, which of 
course have all some weight of their own. The moment 
of inertia of every such piece, say of length z inches and 
mass Z (which is z times the mass of one inch long of such 
rod or tube), of which the c. g. is h from the suspension, 

must be then Z (h^ -\ — — ) ; and the moment of inertia 

\ 3x4/ 

of the whole is the sum of all those quantities in the nume- 

rator of the fraction -^ — or L And to each of them has to 

be added its own increment for heat, viz. for the rod and 

the two tubes, and strictly even for the increase of length of 

the bob, and the resulting one for h in each case ; and the 

* See Eorologieal Journal^ April, 1882. 
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squares of all these appear in the numerator, and their first 
powers in the denominator. This is much too complicated for 
calculation except hy successive approximations. 

It is quite true that if a pendulum is not compensated at 
all, its errors increase more slowly than the temperature, 
because the time varies only as the square root of the length, 
while the length varies as the temperature. But that does 
not the least afifect the question of how it behaves when it is 
compensated, so as to keep some point in the bob which 
practically agrees with the centre of oscillation, or is at / 
from the top at the same level. I say * practically agrees,' 
because it need not be very exact. For if the c. o., which 
is at least approximately known, in the bob is kept at the 
proper level, it is clear that every other point pretty near it 
will be so too, since all the motions are absolutely very 
small, and of course their differences are smaller still. 
And that is the answer to this imaginary difficulty. I may 
anticipate the balance compensation so much as to say that 
besides the -^o times greater effect of a given change of tem- 
perature thereon, the rate of a balance depends on an 
external cause, viz. the varying strength of the spring, 
enormously more than on the mere variation of the moment 
of inertia, on which a pendulum rate depends, where also it 
is partly corrected by gravity acting farther from the vertical 
as the pendulum lengthens; i.e. both the numerator and 
denominator increase, but the numerator increases most, as 
it contains squares. Gravity has nothing at all to do with a 
balance, if it is balanced, as of course it should be. 

Wood and Lead. — The same is the principle of the 
simplest of all the compensation pendulums. According to 
the tabular rates of expansion of lead and of a deal rod, it is 
easily calculated that a bob 14 in. high on a rod 46 in. 
long ought to make a compensated 39 in. pendulum; for c. 0. 
is about *4 in. below e. g. of the bob when it is 14 in. 
long, so that the rod must be 39*14 + 66, or nearly 
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46 in., and then we shall have 6*6 x '0016 = 46 x 'ooij^ 
which is right. Such a pendolum however was found to 
be overeompensatedy and at first one is inclined to conclude 
that the expansion of deal has been overrated ; but this was 
with a dead escapement, and I am satisfied, for reasons 
which will appear farther on, that such escapements contain 
a sort of irregular compensation of their own ; and I advise 
no one to rely on a shorter proportion of lead bob than the 
above for a wooden rod for other kinds of escapements such 
as I shall describe. 

Wooden rods are generally and rightly used for large 
clocks where compensated pendulums cannot be afforded ; 
but such clocks are exposed to great changes of temperature 
•—often as much as 40^ between winter and summer, 
and to 30^ on the average of each ; which would make a 
difference of 20 sec. a week with an uncompensated wooden 
pendulum ; whereas good public clocks ought to be guaran- 
teed to vary not more than 5 or 6 sec. a week at the 
utmost — a much easier condition than i sec. a day, because 
one day may partially correct another. The Westminster 
clock only varies i sec. a week on the average, omitting casual 
disturbances by men and thunderstorms. Wooden rods 
should be as thin as will bear proper fiistening at the ends, 
which may be thicker for that purpose. Any thickness 
which could be practically used and worked will bear ten 
times the weight of any bob that would be used. They 
should also be thoroughly dried and saturated with oil or 
some antiseptic fluid, and varnished to keep them from 
absorbing damp. Small ones are sometimes gilt ; but even 
then they are not to be relied on, and I believe all the best 
makers agree that they are unfit for the highest class of 
clocks, though they will do for all but the highest. The late 
Mr. Yulliamy used to use mahogany and teak instead of 
deal, but I do not know whether it was from experience, 
which alone can determine such a question. I should think 
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that the creosoting process would be a good one for wood 
pendaloms ; but that also wants trying. 

Woodp sine, and lead eompensation. — There are 
places which invite the use of longer pendnlams than can 
well be made of iron and zinc only, because a very long 
zinc tube requires to be very thick to be safe against bend- 
ing. If wood can be made trustworthy by creosoting it in 
a vacuum (as they do railway sleepers), or in any other 
way, a very good long compensation pendulum may be made, 
with a zinc tube only about a third as long as an iron rod 
requires, and only a fifth of the whole length of the pendu- 
lum. Suppose we want a 2^ sec. pendulum, of which the 
simple length is 244*6 in., with a cylindrical lead bob, say 
13 X 10 in., which will weigh 400 lbs. The lead itself will 
give us a little compensation due to the height of the c. o. 
above the bottom of the bob. The problem can only be 
solved by successive approximations, and they are too long 
to go through here ; but if you try the following figures 
you will find them come as near as any pendulum can be 
made without adjustment, especially as there is some un- 
certainty about the expansion rate of wood, which I have 
taken according to the above table, and also taken its specific 
gravity at 'i of iron for simplicity or a cubic inch = 
'028 lb., for a heavyish wood, such as teak or mahogany. 
Take the total length to bottom of bob 253 in., of which 
about 240 in. will be wood rod, with a section of i^ in. 
diameter, and it will weigh about 7^ lbs. First let us see 
what length of zinc tube this will require, supposing the 
bob to be hung by a pair of thin steel rods from a cross 
head resting on the top of the zinc tube. There should 
however be a smaller colliUr fitting the top of the tube, with 
a slightly rounded top for the cross head to lie on, as there 
would otherwise be a risk of its not bearing square on the 
tube, but all on one edge. The expansion of so much of 
the bob as lies below the c. 0. of the pendulum will give us 
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some compeDsation ; and as we have assumed that to be 
the difference between 244*6 and 253, we have 8*4 x '0165 
= *!38, for the expansion of the lead upwards ; and 240 x 
•0023 = '5552 for that 6f the wood downwards. Calling 
the zinc tube Zy we have 'oi^z upwards. The steel rods 
will be quite 2 in. longer than the tube, and there are 13 in. 
of fastenings and spring; so that we must add at least 
{z + 15) '0064 downwards. Equating the downward and 
upward expansions, you will find that z must be 50 inches. 

Smeaton's pendulum. — ^I have a clock with an old i- 
see. pendulum by Holmes, a celebrated clockmaker of the 
last century, with the following compensation, which was 
invented by Smeaton, the great engineer. The rod is of 
^^^^^ brass? 43 inches long + 2 inches of steel spring, and on a 
collar screwed to the bottom of it rests a thin zinc tube 12^ 
inches long, from the top of which is hung an iron tube of 
the same length, by the end being merely turned over, and 
on the bottom of that tube turned outwards rests a lead bob 
also of the same length, enclosing the tubes, so that the 
pendulum looks simply like a glass rod with a lead bob. 
The CO. of the pendulum is 6 inches from the bottom of the 
bob, and therefore the expansion of 6 inches of lead + that 
of the zinc tube upwards has to balance that of the glass 
rod and the iron tube downwards, as you may calculate from 
the table that it will very nearly. 

Another form of steel, zinc, and glass pendulum has been 
proposed, with a glass tube instead of the iron one, which 
would require a shorter length of zinc ; but I see no 
advantage in it over the common one. 

Compound Bar compensation. — Before going to the 
mercurial pendulum, which requires more detailed examina- 
tion, we will dispose of a few others which require shorter 
notice. This one (fig. 10) is founded oh the principle of the 
compensated balance in watches. W C W is a compound 
bar of brass and iron brazed together with the brass side 
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downwards. As brass expands more than iron, the bar will 
bend upwards as it gets wanner and carry the weights W W 
with it, and they may be so adjusted both by magnitude 
^d position as to raise the centre of oscillation as much as 
the elongation of the pendulum rod lets it down. I cannot 
give any details of the proportions, as this plan does not 
appear to have been used in England except in experiments. 




Fig. 10. 

and old Mr. Dent told me it was found inferior to the other 
methods, over which I do not see tliat it has any advantage 
except the facility of adjustment. It is said in Eater's 
treatise to have answered in France, but the French seem to 
prefer complicated compensations to simple ones. It might 
however be used to complete the adjustment of another 
compensation left imperfect for that purpose, in wliich case 
the wei^^ts would only need to be very small. 
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Eomogeneons compensation. — All the compensations 
I have yet mentioned require the use of at least two sub- 
stances of different expansibility ; but there is one which 
does not ; and though it is practically of little or no value, 
in any form in which it has yet been made or suggested, it 
is worth while to describe the principle of it. If the 
pendulum spring is drawn up through a close slit in the 
cock as much as the pendulum lengthens by heat, its 
effective length will remain the same ; and this may be done 
by various arrangements, of which the simplest is hanging 
the spring to another cock above the slit one, set on the top 
of a stiff bar long enough to expand upwards as much as the 
pendulum rod expands downwards. This bar may be either 
of the same or of a different metal from the pendulum rod, 
and its length will of course de- 
pend on its material ; or the slit 
cock may be on one end of a lever, 
of which the other is pulled down 
by a wu*e of the same length and 
metal as the pendulum rod. But 
there is a serious objection to this 
plan in every form ; if the slit is 
loose enough to let the spring slide 
up and down through it, it is too 
loose for the proper action of the 
pendulum in a clock good enough 
to require a compensation for tem- 
perature. There is no other kind 
practically worth describing. 

EUicott's pendulum. — There 
is another bad one which is still 
used in small French clocks, 
though it has long ago been aban- 
doned in England, where it was 
invented by EUicott a clockmaker 




Fig. 11. 
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in the last century. A C the main rod is of iron or 
steely and it has a pair of levers set on a cross pin at 
the hottom, of which only one B C D is shown here : at 
A there is a strong collar fixed to the rod, and hetween 
that collar and the short arm of each lever stands a stiff 
brass rod. The bob hangs by two pins, of which D is one, 
on the long arms of the levers ; and it is evident that by a 
proper adjustment of the levers the bob , may be made to 
rise under the expansion of the brass rods just as much as 
the expansion of the iron rod lets down Cj the axis of the 
levers. But this action involves considerable friction at D, 
and the pressure on the ends of the brass rods must very 
much exceed the weight of the pendulum, and it is said to 
move by jerks, and is altogether inferior even to the old 
gridiron, and much more to the zinc or mercurial pendulum, 
besides being much more difficult to make properly. I 
suppose they are only made because they have a kind of 
scientific look to ignorant people, in clocks made to show 
and to sell. 

Mercurial compensation. — The principle of this, which 
is used in all the best astronomical clocks (subject to a 
remark to be made afterwards), is the same as of the wood 
and lead ; only, mercury being fluid requires a different mode 
of calculation. For it must be in a jar which has some 
sideway expansion of its own, and the rise of the mercury is 
only the excess of its expansion in bulk over that which the 
increased width of the jar allows it. The jars can only be 
made of either glass or iron, as mercury amalgamates with 
and so destroys any other metal that could be used. Although 
iron is the best, glass is the most commonly used, either 
from old habit or ignorance^ and so we must consider both 
of them, and we will take the glass first, and in both cases 
neglect at first the weight df the jar itself: which by a 
strange oversight was forgotten altogether by Francis Baily, 
P.B.A.S., in a far more elaborate paper on this subject 

F 
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(in vol. i. of their Memoirs) than there is any need of, seeing 
that after all a compensated pendulum can only he accn- 
rately adjusted hy trial, of itself or one exactly like it. It is 
almost equally strange that this mistake was never dis- 
covered for forty-four years, though the hest clockmakers, 
and the late Mr. Bloxam, who most thoroughly investigated 
the theory of escapements in two papers in the 22nd and 
27th vols, of the B.A.S. Metnoirs, had practically found that 
the received height of mercury was insufficient. ' But they 
all attributed it to the pendulum spring being stiffer in cold 
than heat ; which always appeared to me a most inadequate 
explanation, considering the weakness of the spring in 
proportion to the weight of a pendulum. In 1863 I had 
to calculate the height for the iron jar of a pendulum 
intended to weigh 40 lbs., and finding the result far 
beyond Baily*s proportions, I looked carefully through his 
paper and then found out the mistake, and published the 
correction of it in the Mechanics' Magazine, of 5 Feb. 1864. 
Another reason why it had escaped discovery was that dead 
escapements, which nearly all astronomical clocks had, 
contain (as I said before) an irregular kind of compensation 
of their own, from the greater fluidity of the oil in warm 
weather. It is remarkable that Hardy, the inventor of 
another kind of escapement which I shall notice afterwards, 
had calculated the height of his mercury rightly before 
Baily's paper which everybody accepted. 

Mercury expands *i in bulk while the glass jar increases 
'0048 in diameter, and .'• the sectional area increases as 
(1*0048 )' or I '0096 to 1 ; .'. the mercury will rise *i — 'oi 
(say) or '09 of its own height. And since the c. g. of the 
bob is very nearly at 0, let x be half the height of mercury ; 
then '09 X must = '0066 {I + x) for the steel rod, which is 
usually carried down to the bottom of the jar in the form of 
a long * stirrup,' on which the jar stands. That makes x 
:= 3*1 in. or the height of the mercury 6*2 in., which has to 
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be increased *i, or rather more for a reason which will 
appear afterwards, and that is Baily's result — ^without 
considering the weight of the jar. 

The weight of the glass jar luid rod may be a 6th of 
the ultimate or corrected weight of the mercury ; and about 
so much more height must be added for it, as it is evidently 
much the same as if all the bob of pendulum were mercury, 
but its rise only ^j^ of its real amount. And approximately 
this is near enough, seeing that pendulums vary in their 
proportions and must be finally adjusted 
by trial ; and glass jars are going out 
of use for the best pendulums, which it 
is now agreed ought to be much 
heavier than the old two-inch wide 
cylinder allows. 

The late Captain Kater used for 
his experiments entirely glass pendu- 
lums, which of course require a less 
height of mercury than steel ones. 
There is however no advantage in that, 
but rather the contrary, as the jar must 
be inconveniently wide to hold any con- 
siderable weight, besides the difficulty 
of handling a heavy glass pendulum 
safely. Others have made the steel rod 
go through the bottom of the jar ; but 
that is a bad plan, as it involves 
stuffing to make the hole mercury- 
tight, and allows no subsequent adjust- 
ment without risk of destroying that 
tightness. It is desirable however that 
the rod should plunge into the mer- 
may take the same temperature, and 
doing this with a glass jar would be 




Fig. 12. 
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that shown in this drawing. The shape of the jar speaks 
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for itself. The black ring round tlie neck is in two 
pieces of brass, put on with a piece of thin leather to 
improve the fitting, before the cap is dropped over it and 
screwed to them with two or three screws to each half of the 
ring. All other plans with the same object that I have seen 
involved some cementing to the glass or stuffing, which are 
not to be trusted. The small hole in the cap is for adjusting 
the quantity of mercury according to experience. 

Cast iron jars are superior to glass, first because they 
are safer, and firmer on the rod, and the construction 
simpler when done properly ; secondly, because the mercury 
can be heated in them to drive off any moisture or air 
bubbles between the mercury and the jar, as is done with 
barometers; thirdly, because (contrary to the common 
notion) the extra height required for the weight of the jar is 
an advantage, especially when you want a very heavy bob. 
Calling the jar about a third of the mercury in weight, a 
40 lbs. pendulum will have a jar only 3 J^ in. wide outside ; 
and one holding 40 lbs. of mercury will be 3)^ in. inside, for 
we shall find the mercury to be nearly 9 in. high, and a 
cubic in. of pure mercury weighs half a pound, and common 
mercury weighs slightly less. The best construction, 
and much cheaper than that generally used till lately, is 
to cast the jar ^ in. thick, and twice as long as it need 
be, in order to secure sound casting, as they do for cannon, 
cutting off the < dead head ; * turn the outside if you like 
for appearance, or else japan it, and ' enamel ' the inside, 
i,e, coat it with glass, which stops up all the pores. The 
cap is partially dropped into the top of the jar just turned 
out to fit it and held by 4 or 5 screws through the jar. The 
rim is marked out into divisions' of i sec. a day as described 
at p. 49, an index being fixed to the steel rod, which is 
tapped and screwed through the cap exactly as in the last 
figure, while the cross-head is to hold it steady when you 
turn the jar for regulating. A 40 lbs. pendulum made thus 
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costs less than old Mr. Dent used to pay for the pendnlnm 

alone without the mercury, on the old construction. This 

is the construction now used by Mr. Brock of 64, George 

Street, Portman Square, who used to be with Dent, and has 

done all except church clock work for me for some years. 

Enamelling the jars was his idea. 

For an approximate calculation like the last, we have only 

to use the expansion '0066 of cast iron instead of glass for 

the jar, and that makes the rise of the mercury *i — *oi33 or 

'087 nearly. And assuming the mercury to weigh 3 times 

the jar and rod, the rise must be Y^ times as much as if they 

had no weight, or we may treat the rise of the mercury 

relatively as '065, or ^ of its real amount. We know that 

the height must be something over 8 in., and the total length 

of the pendulum nearly 43^, allowing the c. g. of the bob 

to be a very little above 0. It is not worth while to 

distinguish between the expansion of cast iron and steel for 

the short length of the cylinder, and we may say that the 

rise of the c. g. of the mercury, or the increase of x, or 

•0650^, must = 43*5 X '0064 = '2784, and /. x s= 4*3 

nearly. The assumption that x is something over 4 in., 

for the mere purpose of finding the total length of the rod, 

does not affect the result sensibly, as you will see if you try 

it as an inch more or less. But this is not quite enough, 

because it is not the c. g. but the c. o. that has to be kept at 

the same height, and we must find how much less h really is 

than Z, for we have only yet stated it approximately. If b 

is the radius of the cylinder when the weight of the rod is 

a?" P 
insignificant, lh= J^^ 01 = h^ -\ 1 — , but b is so small 

3 4 

compared with h that that term produces no sensible effect. 
Then putting 39*14 for I and either 4*3 or 4*4 for a?, you 
will find by solving the quadratic equation that h = 38*98 
or I — A = •16 in. = '036a;: /, we must say '964 X *o65aj 
or '06260; = '2784 as before, and /, a = 4*44, which 
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makes the height of mercury just under 9 in. in a jar which 
weighs }i of the mercury. I found mine not quite enough 
compensated with Sj4 iii*> and it is perhaps a little over- 
done with 9 — a widely different result from Baily*s 6*6 for 
an iron jar. The calculation of compensation otherwise 
than hy this method of approximation runs into equations 
of a high order and becomes unmanageable, and after all it 
is better to adjust the height o{ the mercury finally by trial. 
The longer the bob is, or the heavier the rod and compensa- 
tion tubes, the more the c. g. of the bob (not of the whole 
pendulum) is below c. o. A very long bob is not desirable 
on account of the increased resistance of the air, and 
therefore it is not expedient to make the jar more than 
about a third of the weight of the mercury, which is in every 
way a convenient size. 

It is now thought at Greenwich that zinc and steel pen- 
dulums are as good as mercurial ones. The normal sidereal 
clock there has a zinc pendulum, and I am told that its daily 
variation of rate is reckoned by hundredths of a second. 
If this is so, it will be a considerable saving in expense, 
inasmuch as there is no doubt that pendulums ought to be 
much heavier than used to be the fashion. I must say that 
the performance of the great Westminster clock goes far 
to confirm the Greenwich opinion, for it has no discoverable 
error of temperature. 

Bajrometrio compensation. — ^It is evident that the 

larger the bob is for its weight, i.e. the less its specific 

gravity, the more it will be resisted by the air, and the 

smaller arc it will swing under a given force. We shall see 

W h 
afterwards that all the escapement errors involve ,-7-7 

M I 

divided by either a" or a', Wh being the force that actuaUy 

drives the pendulum for a day, or weight x daily fall, after 

deducting the friction, and M I the same as before, and a 

the arc from zero as usual. Therefore the larger a is 
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for a given weight the better a great deal. Moreover, the 
greater the density of the air is, the more it diminishes 
the effective specific gravity of the pendulum, viz., by 
an amount = sp. g. of the air, which is variously estimated 
at something near the 840th of that of water, and there- 
fore about a 9000th of an ordinary lead pendulum with 
deal rod, or a mercurial one with a glass jar and the usual 
appendages, which make its mean sp. g. about n, water 
being i. And this reduction is considerably increased in a 
swinging pendulum by the air which it drags along with it. 
Baily found, by comparing the times of free pendulums 
of various kinds in vacuo and in air (see Phil, Trans, of 
1832), that the stationary loss of sp. g. is sometimes 
doubled by vibration. One specially curious result should 
be noted, that a thin flat rod with a very elliptical section 
was more affected in this way than a round one three times 
as thick, although a lens-shaped bob was less affected than 
a sphere of the same diameter and of course much heavier in 
proportion to its surface, which so far gives it an advantage. 
But we have no information whether the air affects a lens 
more or less than a sphere of the same weight. 

Bloxam said in a note to his paper in the R.A.S. Memoirs 
of 1853 that Baily overlooked the fact that the current 
produced in the descent of the pendulum prevents it from 
being retarded in the ascent as much as it would have 
been if the air had been at rest. He also always found the 
circular error to be less than its theoretical value, and the 
resistance of the air doubtless tends to produce this effect. 

Without going through Baily's various results it is enough 
to say that he found pendulums of sp. g. about 11 gain 
nearly 13 sec. a day by being put into a vacuum; as that 
was the daily increase of time (+ A T or — * rate *) for an 
inch rise of barometer, which is shortly called the barometric 
error, apart from any circular or escapement error which 
may accompany it. A small platinum ball hung by a wire 



79 VALUE OF LAROE AKOB, 

gaiDcd 5 sec. in vacuo, against 9^ for a lead one of the 
same size (for a sphere is less affected than a cylinder) ; the 
gain was nearly 14 for a brass and 56 for an ivory ball, and 
19 for a round copper rod '41 in. thick and 5 ft. long; 
which last was 3 times as much as its stationary loss of 
specific gravity. But this effect on the rod as a whole 
pendulum is insignificant when it carries a bob much heavier 
than itself, as it usually does. 

Baily found also by calculation that with an arc of 2^ 45^ 
the barometric error ought to be neutralized by the circular 
error, i.e. by the diminution of arc produced by the 
increased density of the air. That result differs from the 
one arrived at by Bloxam, but was verified by the per- 
formance of the Westminster clock during the year 1872, in 
which I ascertained that the barometric error does not exist, 
i,e, is exactly neutralized, by the fiftct that applying any 
correction, either + or — , bearing a constant proportion to 
the actual variations of the barometer, would have increased 
the small average variation of the clock. I mention as a 
fact, without professing to account for it, that Bloxam found 
the barometric error of his clock less with an arc of 96^ than 
with a considerably larger one. But I am decidedly in favour 
of large arcs, especially for large clocks exposed to greater 
variations of force than small ones, and I adopted one at 
Westminster before I knew that it agreed with Baily's 
calculation, which it has so remarkably verified. 

In order to avoid the barometric error, Mr. Carrington 
adopted the plan of a perfectly air-tight clock case, the 
winder going through a * stuffing-box,* and then he 
exhausts the air down to some given pressure a few inches 
below the usual height of the barometer (see B.A.S. Notices 
of Nov. 1872). But this is much too troublesome for common 
use. Dr. Bobinson, of the Armagh Observatory, long ago 
adopted the much simpler plan of compensating the error by 
attaching a pair of very thin barometers on the right and 
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left sides of the pendnlam rod, above the bob ^B.A.S. 
Memoirs f vol. 5). This evidently has the effect of raising a 
small weight of mercury from near the bottom of the 
pendnlam to near the top when the density of the air 
increases, and vice versa. But I shall presently point oat 
an inconvenience of this mode of doing it, and Dr. Robinson 
expressly says that the adjustments were troublesome. 
The barometric error also varies considerably even between 
clocks of nominally the same kind ; so much that it is not 
safe to assume any given amount beforehand, but it must be 
ascertained from observation of that particular clock before 
the calculations are made for correcting it. In the best 
kind of astronomical clocks, with detached, or with gravity 
escapements, but not dead ones, we may take the daily loss 
(+ A T) for the present at 0*3 sec. a day for an inch rise 
of barometer, or that is the barometric error so far as it is 
unconnected by others which attend it. 

In a paper on this subject in the R.A.S. Monthly Notices 
of 1873 I remarked that two barometers are unnecessary, 
because a slight want of symmetry in (not across) the plane 
of vibration cannot affect the pendulum. Moreover, with a 
bob of the length required for an iron jar mercurial pen- 
dulum there is not room to put the barometer tube entirely 
above the jar. What we have to do is to find the position 
and the diameter 2x of the barometer which fixed at some 
given height will thus compensate a 39 inch pendulum of 
given weight, say 40 lbs. It is tempting at first sight to 
make the great mercury jar serve as a basin for the 
barometer ; but there are various practical objections to it, 
and it is much better to use a syphon tube bent over the 
side of the jar, in which therefore a * rise of barometer * of 
I in. will be only an absolute rise r of }4 in. in the longer 
leg, with a fall of ^ in. in the shorter. Let the mercury in 
the long leg reach to d below the top of the pendulum, and 
in the short one to b above the centre of oscillation : p, the 
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specific gravity of mercury, is snch that a cabic inch of 
mercury is very nearly half a pound. Then, by the same 
mode of calculation as at p. 50 » the little weight trans- 
ferred from b to d being wpa^, 

M e ' 

or putting ^ for pr and 40 for M we must have (nearly) 

850 x" ^ = -3. 

Now d must be substantially >6 for this to keep its sign, 
and also to keep tolerably constant for different degrees of 
rise. For simplicity let 6 =s o, and /• (£ = 9 in. : this gives 
2x or the diameter of the tube '03 in. If the barometric 
error is 3 times as much, 2x must be \/3 times as much or 
about '05 ; in either case rather a thermometer tube than a 
barometer one. The tube, after being bent over and down 
either the right or left side of the jar, had better be brought 
up to the rod agam, and the two branches joined there by 
heat for strength, and tied to the rod by waxed thread rather 
than any metal fastening. If the compensation is found to 
be overdone the tube has only to be untied and raised, and 
if insufficient it may be lowered, if room enough has been 
left for it in the bend. 

As the barometric error never lasts long in one direction 
it will very seldom be thought necessary to apply the com- 
pensation to large clocks ; and we have seen that it can be 
otherwise materially reduced, if not absolutely corrected, as it 
is in the Westminster pendulum, by making it swing a large 
arc. If it were necessary to apply the barometric compen- 
sation to a long pendulum the best way would be to put an 
annular basin for the mercury on the top of the bob, round 
the compensation tubes, and have a straight barometer 
dipping into it. It may easily be calculated that the same 
barometric error of *3 sec. a day with a i ^ sec. pendulum of 
200 lbs., and also with a i^ sec. pendulum of 300 lbs.. 
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would be corrected by a barometer tube of about a sixth of 
an inch diameter. The reason why the same tube is 
enough for the heavier pendulum is that the rise of the 
mercury is in a more effective place, i.e. near the middle of 
the pendulum. A 13 ft. pendulum of 700 lbs. with the 
lower surface of the mercury 6 in. above c. o. requires a 
tube of *3 diameter for the barometric error of *3 sec.: 
another odd coincidence of figures. If the barometric error 
in any particular clock is found to be 2 or 3 times as much 
as this, 2x or the diameter of the tube must be V2 or V^ 
as much as the above figures, and it must vary in the same 
way with the ^weight of the pendulum. We shall have to 
consider this further when we come to escapements. 

The normal sidereal clock at Greenwich has a barometric 
compensation of a more complicated kind. An independent 
fixed barometer raises and lowers a magnet which attracts 
the pendulum more or less according to its position. I must 
say that seems to me a roundabout way of doing the 
business, and I should have been inclined first to try a large 
arc of 2° 45' like that of the Westminster clock, and if that 
is not sufficient, then the simple barometric tube compensa- 
tion, with the bottom of the tube near the bottom of the 
bob. 



RECOIL ANCHOR PALLETS. 
The next importaut invention which followed that of 
pendulums, and that very soon, was a pair of anchor-like 
pallets moving in the plane of the scapewheel, instead of the 
* vertical escapement ' with pallets set across a crown wheel, 
which pallets being very short required a long swing of 
the pendulum to let the wheel escape. It is not indeed 
absolutely necessary that crown wheel pallets sho^d be 
very short, and they would go with less friction if they were 
long and the teeth of the wheel few ; but the recoil would 
be more violent, and they would require more careful adjust- 



76 



ANOHOB PALLETS. 



ment, and as a matter of fact they always were short. 
Anchor pallets in the form in which they were first invented, 
either hy Dr. Hooke, whom I have already mentioned as 
one of the claimants of the pendulum, or hy Clements, a 
London clockmaker of his time, had a recoil, no less than 
the crown wheel pallets, hut they could he made to escape at 
as small an arc as you please. Fig. 13 is a drawing of the 
recoil escapement, as it is always called, which is still used 
in all the common 
clocks in the world, 1 
though it has long 
heen ahandoned in all 
that make any pre- 
tension to great ac- 
curacy. 

In this figure the 
tooth a has just es- 
caped from the left 
pallet A, and h has 
dropped on to pallet 
B; the pendulum is 
therefore moving to 
the left, and it will 
not stop immediately 
but will go on a little 
farther and so make 
the wheel recoil a 
little, as you may see 
clearly enough in any 
old-fashioned house 
clock with a seconds 
hand : as it returns, 
the wheel urges the 
pendulum again to the 
right and so gives the Fig. 13. 




RECOIL ESCAPEMENTS. 77 

Impulse which is necessary to maintain its motion against 
the resistance of the air and the friction of the escapement 
itself; and then tooth h escapes, and the tooth helow a falls 
on A and the same action takes place there. You ob- 
serve that I have drawn the acting faces convex. For 
some theoretical reasons they ought to be concave; but, 
as very often happens in clockwork, the one practical reason 
of friction preponderates the other way. Even if they are 
made flat, the teeth always wear holes in them, though the 
teeth are of brass and the pallets of steel, made as hard as 
possible, and it is evident that the friction at the recoil is 
much greater if the pallets are concave than convex. More- 
over it is always found that as the pendulum arc decreases 
from any decrease of force in the clock, it loses, and vice 
versa; and concave pallets would not diminish this error, 
but increase it. Some considerable persons stuck to this 
escapement for some time after the dead escapement was 
invented, being apparently misled by the fact that variations 
of force produce less variation of the arc in this than in the 
dead escapement, because the friction of the recoil checks 
the arc ; but it does not follow that the variations of time 
are less : in fact it has been proved both by experience and 
calculation that they are not. 

I may as well mention here that a * steady rate ' means, 
not necessarily that the clock is going right, but that it is 
going uniformly y or regularly gaining or losing exactly the 
same number of seconds a day or a week. The rate is 
always written + when the clock gains, and — when it 
loses ; which you must remember is just the opposite of the 
signs appended to the expressions for the various errors of 
the time in the mathematical formulsB ; for when t the time 
of vibration of the pendulum increases, dt i& +, and the 
clock loses and the rate is too little or — . 

Harrison's recoil escapement had scarcely any fric- 
tion. It was invented by him when he was a working 
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carpenter in Lincolnshire. Any one who wants to see a 
description of it will find one in the 7th edition of the 
Encyclopedia Britannica; but I did not think it worth 
while to repeat it in the 8th; nor here, as it is a mere 
obsolete cariosity, and nobody else ever made it to answer, 
even before better things were invented. If such a thing 
were worth doing, it might be done much more simply by a 
three-legged scapewheel, such as I shall describe as one 
form of the dead escapement (at p. 102), but without the 
horizontal or dead pallets there, and with the impulse pallets 
set deeper and not in the same line, though pari^lel to the 
pendulum. The impulse would be given with nearly as 
little friction as it is there, and the recoil would also have 
very little ; and if the force on the scapewheel were made 
uniform, as it may be by a contrivance which I shall de- 
scribe for turret clocks, there is no reason why such an 
escapement should not go very well, though the dead one 
would go better. 

Clock out of beat. — ^Most people seem to know that 
the beats of a clock ought to sound equal in time, but most 
people have a very erroneous notion that this depends on the 
clock being set on a perfectly level surface, or standing ver- 
tically ; whereas that has nothing at all to do with it, unless 
the crutch has been so adjusted that the pallets do escape at 
equal angles when the clock case stands upright. No doubt 
they ought to be so adjusted, because a clock looks better 
standing straight than crooked. In the best clocks the 
beat is made adjustable by beat-screws at the bottom of the 
crutch or fork. In common ones it is simply bent by hand 
till the beats sound equal. Mr. Dent made the fork pins 
in turret-clock escapements to open with a springy to prevent 
the teeth being damaged in case they should be caught by the 
escaping comer of the pallets when the clock is put back, or 
the pendulum set going without the clock being wound up. 
Each < prong ' of the fork must have a separate spring, both 
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set against a stop between them. The crutch and every- 
thing attached to the pallets ought to be kept as light as 
possible, because they are in fact a pendulum, moving on 
pivots instead of a spring, and therefore with much more 
friction than the real pendulum. But a long crutch is 
better than a short one, because less angular motion and 
force is lost in the looseness or ' shake,' which, as I ex- 
plained at p. 46, must be left between the fork and the 
pendulum. The proper way to try whether a clock is in 
beat is to let the peiidulum swing only just far enough 
for the escape, and then you will easily hear if the beats are 
unequal. 

When a clock with any kind of anchor escapement (which 
all clocks may be assumed to have, unless the contrary is 
known) sounds ' out of beat,' it wants either one side lifting 
or the crutch bending — which you please. If the right-hand 
beat of the pendulum (i.e. the blow on the left-hand pallet) 
comes too quick, the right pallet escapes too soon or does 
not go deep enough. Therefore the right side of the clock 
wants lifting ; for that is equivalent to moving the pendulum 
and pallets to the left. Or it wants the fork or bottom of the 
crutch bending to the right, which, remember, is making a 
bend in the crutch to the left, for that carries the pallets to- 
the left. Or if there is a beat screw in the fork, it wants 
turning to the right or ' setting up,' so as to move the 
crutch to the left. And vice versa, if the left beat comes 
too quick, the left side of the clock wants raising, or 
the fork bending to the leffc, or the beat screw turning to 
the left. 

I shall notice afterwards, under French clocks, a contri- 
vance which some of them have to make the beats gradually 
adjust themselves. Becoil pallets — and dead ones too— 
should only just clear the teeth, and when the points get 
worn so as to allow mor<^ clearance the pallets should be 
renewed. 
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DEAD ESCAPEMENTS. 

These are also of the anchor kind ; but in fig. 14, as in 
fig. 13, a tooth of the scapewheel has just escaped from 
pallet A and another has just fallen on to pallet B ; but the 
face on which it falls is very different, as the shape of the 

teeth also is, but 
^'^' '^' that is only to 

give room for 
clearance, and in 
both cases it is 
only the point of 
the tooth that 
acts. Her^ you 
see the face of the 
pallet is divided 
into two, and one 
part is an arc of 
a circle of radius 
C B while the 
other part is 
much the same 
as it was in the 
recoil pallets. 
The consequence 
evidently is that 
there is no recoil 
here, and the 
tooth lies dead on 
the circular face 
B E (which is 
therefore called the dead face) however far the pendulum may 
swing, until it returns to B, and then the tooth begins to act 
on the impulse face and gives the impulse to the pendulum 
exactly as in the other escapement. In the same way the 
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dead face D G of the other pallet is part of a circle with 
radius C D : the dotted line being the old recoil shape. 

This is the dead escapement, which was invented early in 
the last century by Graham, who invented also the mer- 
curial pendulum and the horizontal watch escapement ; and 
the great advantage of it is that although a slight increase 
of force on the scapewheel increases the arc of the pendulum, 
it does not sensibly increase the time, if the escapement is 
properly made. This was first demonstrated mathematically 
by Sir G. Airy, in the Cambridge Philosophical Transactions 
in 1827 {yo\. in. p. 105), and it may be made tolerably 
clear without any mathematics, as follows. If each tooth 
could drop exactly on the comer dividing the dead and im- 
pulse &ces of the pallet, as at B, it is clear that the impulse 
on each pallet would begin and end when the pendulum is at 
the same distance on each side of zero or the vertical. In other 
words, as much of the impulse would be given while the pen- 
dulum is falling as while it is rising, and therefore its gravity 
would be increased on one side and diminished on the other 
through equal arcs and during equal times, and therefore on the 
whole the accelerating force on the pendulum, and therefore 
its time of vibration, not altered. Neither would the friction 
on the dead faces, if it were constant throughout, and if it 
acted through the same arcs before and after zero, affect the 
time directly ; for while the pendulum is falling the friction 
acts contrary to gravity, and with gravity while it is rising 
after the escape has taken place. As it is always resisting 
the motion of the pendulum it tends to diminish the arc ; 
and on the other hand, the impulse always tends to increase 
it ; so that here also there is counteraction to some extent ; 
but as the friction on the pallets does not vary in any 
definite proportion to the force of the train, but sometimes 
one way and sometimes the other, no useful relation of this 
kind can be established. All we can say about the arc is 
that it increases under an increased force or a diminished 
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friction, until the remaining friction on the pallets and the 
resistance of the air stops the increase. 

Mr. Bloxam came to the conclusion, in lus elaborate 
papers on escapements in vols. 22 and 27 of the Astro- 
nomical Society's Memoirs, that so far from the dead friction 
being a thing to be disregarded as constant and not 
materially affecting the rate of the clock, as Mr. Airy had 
assumed, it probably affects it more than all the other escape- 
ment errors together in an astronomical clock with even a 
moderately good train, and in a way which it is impossible 
to calculate on account of the different circumstances under 
which it varies. It is evidently very improbable that the 
friction can be made the same while the point of the tooth is 
(as we may say) ploughing its way up the pallet during the 
ascent of the pendulum and sliding down it in the descent. 
Having said this I shall not attempt to deal any farther with 
the dead friction, but its existence must be borne in mind as 
capable of either mitigating or increasing the other errors, 
as the case may be ; and some idea of the magnitude of its 
effects may be formed from this, that I remember the arc of 
a new church clock of Mr. Yulliamy's increasing from 
2° 30' to 3° 30' in the first year, from no other visible cause 
than the self-polishing of pallets. And it afterwards fell off 
again from the pins of the heavy scapewheel wearing hollows 
in the pallets where they dropped. 

Now let us apply the same reasoning to the recoil escape- 
ment, and we shall find that the result is just the opposite 
from that in the dead. That part of the impulse which is 
within the points where the teeth fall on the pallets is the 
same as in the dead escapement, and therefore may be taken 
not to affect the time ; but in the ascending portion of the 
recoil the force is acting with gravity, and so it is in the 
descending portion. Whenever the force of gravity is in- 
creased the time of a falling or swinging body is diminished ; 
and therefore on the whole any increase of the force of the 
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elock in the recoil escapement tends to make the pendalam 
go faster. £nt the recoil resists the pendulum in rising as 
much as it impels it in falling, and by means of the friction 
resists it much more ; and as the force through the other 
portion of the arc, corresponding to the impulse in the dead 
escapement, tends to increase the arc, they may so nearly 
balance each other that an increase of clock weight may 
produce no visible alteration in the arc at the very same time 
that it is, as we may say, knocking the pendulum backwards 
and forwards more rapidly between the same limits ; whereas 
the dead escapement just sends it so much faster as to make 
the whole vibration take very nearly the same time while it 
has to pass through a longer space — subject to the following 
modifications. 

The first of them is this : the teeth cannot safely be made 
to drop exactly on the corners of the pallets, but must have 
a little of the dead face to fall upon ; and therefore the angle 
or arc of impulse before zero must be rather less than that 
after zero, and therefore the tendency to increase the time 
preponderates. For the same reason there is necessarily 
rather more of the dead friction in the descent of the pendu- 
lum, where it acts against gravity, than in the ascent, and so 
that also tends to slowness. The greater this difierence is, 
or the higher up the dead faces the teeth drop, the greater 
these causes of error are ; and yet it is very seldom that one 
sees a dead escapement whose maker appears to have had 
the least idea of this fact ; for I suppose if they had, they 
would not make them as if they thought the right thing was 
for the tooth to fall as far over the dead face of the pallets as 
possible, instead of falling as near the corner as possible. 

Another modification is the circular error, which I have 
already explained, and which acts in the same direction as 
the one last mentioned, increasing the time with the increase 
of the force and therefore of the arc. 

But there is another of the opposite kind ; for when the 
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whole arc increases, that portion of the are and of the time 
during whieh the impulse or distnrbanee of the natoral time 
of vibration takes place becomes less in proportion to the 
whole, and that diminishes the increase of time which would 
otherwise be caused. 

And yet further, we have hitherto assumed that nothing 
varies except the force of the scapewheel teeth on the 
pallets, and the friction which is due thereto. But the 
friction on the pallets may and constantly does vary even 
more than the force of the clock, and generally in just the 
opposite direction; for as the clock and pallets get dirty 
together, the force on the pallets decreases, which accelerates 
the time, while the friction increases, which retards it ; and 
80 on the whole it is by no means certain which result will 
preponderate in the natural state of the clock, or by how 
much ; and the only certain way to get a steady rate out of 
a dead escapement clock is to take as much care as possible 
to keep the force and the friction constant ; which is only to 
be done, and can be done in small clocks with light wheels, 
by very accurate workmanship, highly finished and hard 
acting surCaces, and keeping them clean and just sufficiently 
oiled, and above all a good pendulum, properly fixed. It is 
necessary for this also that the two pivots of the great wheel 
should be as nearly equal as possible, even at the cost of 
making the back one larger than it otherwise need be. I have 
frequently observed the arc to be sensibly greater at that 
end of the week at which the string is at the back end of the 
barrel, and therefore the weight acting principally on the 
thin pivot. When a pivot has to be used for winding, it 
must be made much thicker than is required for a mere 
pivot/ and I find it an improvement to let both the pivots 
rest on friction wheels as large as there is room f(»r. They 
may both be on one arbor, but the front one must ride 
loose, as they will not have quite the same velocity under 
the different-sized pivots. The holes should be lengthened 
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a little downwards to make the pivots rest on the friction 
wheels. 

Something more precise than the above general reasoning 
is of coarse necessary for actually measuring the different 
elements of variation of rate. This is what Mr. Airy did, or 
rather laid the foundation for doing, in the paper I have 
already referred to ; and taking it up at the point where his 
calculations ended and his inferences began, I carried it 
farther in two papers in the Cambridge Transactions in 1848 
and 1852 (vols. 8, 9). His calculations are rather too long 
and complicated to insert here, and they may be found in 
Pratt* 8 Mechanics and perhaps some other Cambridge books ; 
so I will take them up at the same point here. 

The first important mathematical result arrived at by 
Mr. Airy was this : If is a disturbing angular force on a 
pendulum when it is at the angle after zero (reckoned + 
when it tends to increase &), and a the extreme arc, then the 
increase of time of one vibration due to the disturbance, 
which we will call 

^ /^ 4)6 lie 



this integral being taken between the limits through which 
the disturbing force acts. He also found a corresponding 
formula for the increase of arc ; but that is of no use towards 
ascertaining how much the arc really will be increased by 
the continual action of the disturbance, as it is soon limited 
by friction and resistance of air in a way which cannot be 
calculated. 

Before we can make any use of this value of A we must 
see what is in the particular escapement. In order to do 
this let us call the angle which the impulse face of each 
pallet makes with the dead face B ; then, since the tooth, 
taken as a prolonged jradius of the wheel, ought to be a 
tangent to the dead face, h will be also the inclination of the 
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tooth to the impnlse face at the beginning of the impulse ; 
and for this purpose we may assume it to continue the same 
throughout, though in fact it increases a little.'*' Let p be 
the distance of each pallet from their arbor, and P^ the 
moving force of the clock-weight as it arrives at the points 
of the scapewheel teeth, M2 the mass and length of the pen- 
dulum (which we may treat as its equivalent simple one for 
this calculation) ; then the equation of motion will be 

€p0 _ ^ g Vpg tan 8^ 

If" r "^ ~M? 
since g tends to decrease after zero where it is +, and 0, 
which represents the other term in the equation, does the 
contrary. And as this term is independent of 6^ we have 



^ Vp tan d 



/ Ode , 



A = 



The limits between which the integration is to be taken are 
from ^ = — j8, where the impulse begins before zero, to 
+ y, some rather larger angle where it ends after zero ; 
and the result will be 

Tp tan 8 / , \ 

Now before going any farther we may see at once from 
this, that if fi could be made = y, i,e, if the impulse could 
be made to begin just as much before as it ends after zero, 
A would = o, and we might save ourselves all further 
trouble, and pronounce the dead escapement perfect, or 
capable of being made perfect, so far as the impulse is con- 
cerned. But it seems impossible to make y^fi much less 

* If K is the motion of the wheel on the pallet during each beat, the 
angle of the tooth with the pallet face will be ^ -f k + /3 + y at the 
end of the impulse on the down pallet, and ^ + ic — j3 — y on the up 
pallet : k cannot be more than 5^ in a 30-toothed wheel, and )3 + 7 is 
never more than i}"*; and as ^ is generally about 60**, the variatiou 10 
too small to affect these calculations materially. 
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than 30', and in fact it is seldom made so little. And it will 
not do to say that as 30' only = '00085, that still leaves A 
very small, and so the clock must go very well ; for it must 
be remembered, first that A only means the difference of time 
of a single vibration out of the whole number T in a day ; 
and T is S6 foo for a seconds pendulum ; and further, that 
A is not after all the error of the clock between one day and 
another, but only the difference between the time of a pen- 
dulum swinging freely, and one kept going (or in mathe* 
matical language disturbed) by a clock escapement; and 
therefore we shall have to go one step farther and find the 
variation of A itself before we can know anything about the 
going of the clock, since A cannot be made = o. But 
before we do that it will be convenient to examine the value 
of it as it stands. 

Let h be the daily fall of the clock weight W^. The drop 
of the tooth at each beat, or the space through which the 
moving force Tg acts, ought to be nearly = the thickness of 
the pallet = p {P+y) tan S ; and this x T (the number of 
beats in the day) x P^f would = Wgh, but for the loss in 
the friction of the train and the slight difference between the 
actual drop of the tooth and its theoretical drop, which is 
the thickness of the pallet. For the present purpose it is 
of no consequence whether W is a little more or less, 
and therefore we may neglect this difference and consider 

TP» tan h = 5 and therefore the excess of time of 

the clock pendulum over the free pendulum in the day, or 

AT= Wfe y^^W^' ~ y^^^ 

M/ira» p+y 

This is by no means a pleasant expression to deal with in 

a general way ; but it is not dificult to draw the necessary 

conclusions from it, by assuming some particular values of 

the different quantities, in accordance with what they 
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usaally have in clocks. Although the error of the clock is 
not represented by AT, but by the variations of it, still if we 
can make AT very small, the variations of it in the same 
escapement will be smaller still ; although it might happen, 
and in another kind of escapement does happen, that the 
variations are the least when AT is at a maximum. But 
there is no fluctuation of that kind here ; and before going 
any &rther we may observe at once the advantage of a long 
and heavy pendulum, seeing that M^ is always fixed in the 
denominator of the expression for the rate of the clock due 
to the escapement. Moreover it is a fact that a long and 
heavy pendulum requires very little (if any) more force Wh 
to drive it than a short and light one ; the reason of which 
is that the chief impediment to the motion of the pendulum 
is the resistance of the air, and the resistance to the surface 
does not increase in anything like the same proportion as 
the weight, if the bob is of a good shape. Therefore Wh in 
the numerator need not be materially increased for a very 
great increase of Ml in the denominator, which is directly 
equivalent to a very great increase in the accuracy of the 
clock ; and you will see that the same is true in the other 
escapements. 

The next point to consider b the length of the arc of 
impulse jy+/3. As we have already seen that y — fi ought 
to be made as small as possible, but cannot be niade less 
than about 30', let us take that difference as fixed, and see 
whether the whole angle of impulse y+ p ought to be large 
or small compared with a. For simplicity of calculation, 
let us try the effect of making a, y, and fi in the proportions 
of 8, 7, 5, and 8, 5, 3, and 8, 4, 3, keeping y ^ P constant, 
you observe. Substituting those values then in the above 
formula for AT, you will find that it comes out in the pro- 
portions of 20, 14, and 13 in the three cases respectively. 
In other words, it is better not to make y nearly = a, or the 
impulse to last nearly to the end of the arc ; and it is satis- 
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factory to know that this agrees with the conclusion which 
old Mr, Dent came to from observation, though it is contrary 
to the practice of most other clockmakers, who seem to 
prefer that sleepy-looking kind of escapement in which the 
second-hand moves very slowly and the * excursion * of the 
pendulum beyond the impulse is very little. He altered the 
transit clock at Greenwich from a long to a short impulse 
accordingly with good eflfect. 

Taking it then as proved that y the angle of impulse after 
zero ought not to be nearly so large as a, we shall be able 

to simplify the above value of AT by assuming that -2^ is so 

a 

small that all higher powers of it than the square may be 

omitted. And then (a'— )3*)*— (a*— /)* may be expanded 

by the binomial theorem, and only two terms of each expansion 

need be taken, and the equation will assume the simple form. 

^T = mhnm. 

Mr. Airy concluded that the smaller y+p is, the better, 
because it appeared in the numex^tor of his expression 
for AT. But he left the expression for the force unreduced 
into the terms involving the shape of the pallets, in which 
we saw that y+fi was lying hid, ready to come out in 
the denominator of the fraction ; and therefore, as it is 
also in the numerator, it disappears altogether, on the 
assumption that y is moderately small, as it ought to be ; and 
beyond that the above expression for AT gives no informa- 
tion as to the proper size of y or the length of the impulse. 

But then another consideration comes in. If you make 
the impulse very short, the pallet will slip away before the 
tooth has timo to catch it; and the shorter the angle of 
impulse is the more of it is lost by the inertia of the wheel 
(which therefore ought to be light) : in fact this is another 
reason, besides the necessity for leaving a little of the dead 
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face for the tooth to fall upon, why the angle /5 at which the 
impulse really begins cannot help being sensibly less than 
the angle y at which it ends. Therefore also there is no use 
m making the pallet comers sharp, for the tooth cannot 
follow the pallet immediately, and it had better slide off a 
slightly rounded corner than drop on to the impulse face 
with a kind of jump off a sharp corner. On the whole the 
result appears to be that the escape had better take place at 
something near i^, and consequently the impulse should not 
begin later than 30' before zero, assuming a the extreme arc 
to be a**, which will make 



1 — ^ = -i-, and therefore AT = 



Wh 



2ic 720 720 MZ a* 

The value of ^^ varies very much according to the quality 

of the clock: in the best astronomical clocks it may be 
taken to be as little as Y30 to make the pendulum swing 2°. 
As the force which arrives at the pallets is now represented 
by W, we must treat it as variable together with the arc ; 
and so, differentiating AT, we shall have 

■" 2i6ooa« VW a )" \Vf a )' 

If there was any definite relation between the ratio of 
increase of the force and the arc, this would give a very 
easy calculation for the variation of rate so far as the 
impulse is concerned. But there is not, as it depends on 
the state of the different parts of the clock. Sometimes it 
may happen that the proportionate decrease of the arc from 
increased friction is just }i that of the force which arrives 
at the escapement, and then there will be no variation in the 
rate. Sometimes you may increase the clock-weight con- 
siderably without making much impression on the arc, if the 
pallets are dirty ; and generally in an artificial experiment 

of that sort, except while the arc is smaller than a^, — is 
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likely to be less than — — v' and then the clock will lose, 
3 W 

even independently of the circular error which tends the 

same way, and which we know would be 10800 a c^ if it 

were not in great measure corrected by the pendulum 

spring, though it is very difficult to say how much. On the 

other hand if you clean and oil the pallets alone the arc is 

sure to increase, and yet the clock will generally gam, 

because the increase is chiefly due to the diminution of the 

dead Mction, which (as I explained before) would diminish 

the time, independently of the term — ^ belonging to the 

a 

effect of the impuke, which retards less on a long arc than a 
short one. 

Ealf-dead escapement. — ^In order to counteract the 
disposition of dead escapement clocks to gain as the arc 
decreases under ordinary circumstances (which, you remem- 
ber, is the opposite of what happens in the recoil escape- 
ment), Berthoud a celebrated French dockmaker invented 
the plan of making the dead faces not quite dead, but with a 
slight recoil, so as to get a sort of compromise between the 
effects of the two escapements. Large clocks, which are 
subject to great variation of train force, are distinctly better 
when so made than with quite dead pallets. Moreover the 
variations of the arc are rather checked by the half-dead 
pallets. The largest variations of arc I ever saw in a good 
clock, were in one of Mr. Yulliamy's, who used to take 
particular pains to make his pin- wheel pallets quite dead by 
cutting them out of a turned cylinder of radius equal to their 
distance from the arbor. A very slight recoil, such as you 
can hardly see in the motion of the wheel, is enough. But 
the best authorities are of opinion that a purely dead escape- 
ment is better in astronomical clocks, where the friction and 
variations of force are much less than in turret clocks. 

Loseby^s isochronal spring. — ^Another plan for iso- 
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cbromsing the long and short arcs was invented hy Mr. 
Loseby a chronometer maker in London, and exhibited in 
1 85 1. A large circular loop of very thin steel wire is set 
on a stud from the back of the clock case, say on the right 
side of the pendulum, so as to embrace the rod nearly half- 
way down, just catching it as it swings to the left side of the 
loop. The farther it swings of course the more it has to 
stretch the loop, and the resistance increases in a high ratio 
with the degree of elongation ; and it seems that this can be 
adjusted so as to isochronise the pendulum in a dead escape- 
ment under great variations of the force of the train. So at 
least the Astronomer Royal reported after trying some ex- 
periments on it. But it at once occurred to me that such 
experiments proved nothing as to the effect of such a spring 
on an astronomical clock in its natural state, in which the 
variations of the pallet friction are generally greater than 
those of the train and produce the opposite effect, as is evi- 
dent from the second term of the equation at page 90, and 
then the spring would make it worse. As chairman of the 
Horological Jury of the Exhibition, I wrote to this effect to 
Mr. Airy, who then made a different class of experiments, 
this time by artificial variations of the pallet friction, and he 
issued a fresh report in 1853, that *Mr. Loseby's invention 
was not perfectly successful.* 

Large and small arcs. — ^There is one more point in 
the theory of dead escapements which requires particular 
attention. You observe that a^ appears in the denominator 
of the expression for the variation of impulse rate, and so it 
would in that belonging to the dead friction. That is, the 
three resisters of disturbance of the rate are the weight of 
the pendulum, its length, and the cube of its arc. But the 
arc in any given clock in its normal state of Mction varies in 
some irregular way with the force of the train, i,e. the dock- 
weight and its fall ; and an increase of the weight in any 
given ratio may or may not increase the arc in the cube root 
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of that ratio : bat so long as the arc is small, its increase 
will most likely be a great deal more than that ; and if so 
there is a clear advantage in increasing .the weight ; subject 
always to this memento, that the circular error also increases 
with the arc. I have a note of having once cleaned a regulator 
and oiled it with sperm oil, and the arc increased from i° 45' 
to 2^ 15', and yet I found no material alteration in the rate. 
I am satisfied that the very small arcs which used to be the 
fashion are a mistake, and that from 2^ to 2^ 40' is much 
better. A writer in H, J. xix. 125 said that, inconsequence 
of this advice, he had increased the weight and arc of an 
Austrian clock, which had almost reduced its errors from 
minutes to seconds. 

Importance of firm fixing. — Whatever increases the 
arc without increasing the weight is obviously a great advan- 
tage ; and the principal things which do that are diminution 
of friction and inertia of the train, and steadiness of suspen- 
sion of the pendulum. I cannot give a better proof of how 
much the arc depends on that, than the effect of hanging the 
Westminster pendulum on its proper cock, which is a large 
cast iron bracket built into the wall ; the arc increased full 
45' over what it had been in the factory, where it was hung 
on what seemed a perfectly firm support, a strong timber 
&ame built up from the ground. Even smaller, pendulums 
generally increase their arc from about a"" in the factory to 
2"" 30' as soon as they are properly fixed to a good wall on 
stone corbels or iron beams. This shows the extreme bad- 
ness of the common way of fixing large clocks on a stool or 
timber frame set upon a wooden floor in a tower, and 
common clocks by a single nail through a thin back of the 
case (see p. 45). 

The Mction is of course only to be diminished by proper 
shaping of all the acting surfaces and making them of the 
best metals for working together. Brass wheels and steel 
pinions, and also brass teeth and steel pallets seem to be the 
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best in small clocks, although there are other cases where 
steel and steel act better together, as in the horizontal watch 
escapement. In large clocks cast iron wheels and pinions 
snit each other better and wear less than anything else, as 
has long been known by the great machine makers, though 
scarcely any clock-makers choose to believe it, and of course 
refuse to try, being what they call * practical men,' who 
understand by the word experience the constant use of one 
thing or one way of doing it and absolute ignorance of any 
other. Mr. YuUiamy used to think steel scapewheel teeth 
or pins better than brass ones, and they have been occa- 
sionally used by other people, but I think are now generally 
disused. At the same time it is certain that steel pins do 
best in my escapements which will be described presently. 
In the best clocks the pallets have jewels, generally sap- 
phires, let in for the teeth to act upon, and it is quite ascer- 
tained that brass teeth suit them best. 

When the pallets are steel it is scarcely necessary to say 
that they ought to be as hard and as smooth as possible ; 
especially the former, for if they are not smooth at first the 
teeth will make them so in time, but soft ones will never get 
hard. They are hardened like files, by being heated red hot 
and cooled suddenly, and not tempered at all. The sharp 
hollow corners, which are considered by ignorant people a 
sign of fine work, are apt to crack in hardening, and as such 
a comer is always a weak place besides, they ought not to 
be so cat out ; and the same remark applies to every hollow 
comer in every part of a machine, unless something else has 
to fit into it. Probably it is best to heat the pallets in lead 
melted red hot, and cool them in oil, which is now adopted 
for some larger steel things, as I have seen pallets twisted 
in the ordinary mode of hardening. The same may be said 
of pivots and pinions, except that they are tempered and not 
left quite hard. 

fi1«^^«^""* bronse.— The alloy of copper and alu« 
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miuiam, to which this name is given, seems to me very 
superior to either brass or gonmetal for many horological 
purposes. It is stronger, much more elastic, smoother, far 
less liable to tarnish, i.e. to decay ; and for small articles, 
such as the scapewheels of clocks, and all the wheels of 
chronometers and watches, the excess of the cost over brass 
would be insignificant. It solders well with either common 
' silver solder,* or another with less silver in it. Mr. J. F. 
Stanistreet, of Liverpool, an amateur clockmaker, told me he 
had used it ; and it is used for cheap watch cases. 

Weight of scapewheel. — ^It is important to keep the 
upper wheels in the train, and particularly the scapewheel, 
as light as possible. It b certain tha!i every blow you hear 
in the working of a machine indicates some loss of force, 
and wearing out of surfaces, and that the machine would be 
better without it — unless it is a hammer ; and the heavier 
the blow is, of course the worse it is. In clock escapements 
a sudden stop and a blow of some amount is inevitable ; but 
there is no reason why it should be increased by making the 
scapewheel three or four times the necessary size and 
weight, and the drop of the teeth more than is necessary to 
clear the pallets. I have already mentioned also that the 
greater the inertia of the scapewheel, the longer it is in 
effectively catching the pallet, although you cannot see the 
interval. I have seen church clocks, not merely old ones 
like that of St. Paul's Cathedral, but new ones, vdth scape- 
wheelfif a foot in diameter, and weighing several pounds, and 
you may sometimes hear the thump of every beat in the 
churchyard. Bloxam calculated that a pendulum of 15 lbs. 
does not require half as much force as a marine chronometer, 
if a great deal of it were not wasted in having to start a 
heavy train from rest at every beat ; otherwise its weight 
would be of little consequence. Mr. E. D. Johnson has made 
regulators with very light and small trains, in fact, little more 
than chronometer l»*ains, and he says they answer perfectly. 
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I may observe here that the rims of wheels (in which most 
of the inertia lies), and indeed the whole wheel, may be 
made materially lighter with 5 spokes than with 4, because 
the arcs are shorter. Sometimes, in the most expensive 
clocks, they are made with 6 ; bat 5 spokes leave very little 
more than y^ of the rim open, on account of their own 
thickness, as you will see in p. 99 ; and they seem to me 
quite close enough for clock- wheels ; and of course every 
unnecessary spoke adds unnecessary work and expense ; that 
number is used throughout the Westminster clock and many 
others now. Here too, as in the pallets, and indeed in every 
possible place, the modern workman who is taught to think 
' high finish ' the perfection of work, or in other words, to 
display as much finger work and as little head work as pos- 
sible, files or ^ crosses out * the comers as sharp as possible, 
instead of leaving them rounded a little, which would make 
the wheel stronger with no appreciable increase of weight. 
I believe it would be a very good rule that a sharp hollow 
corner ought never to be allowed an3nvhere, unless some- 
thing has to fit into it, as it always makes a weak place, in 
which, if anywhere, things crack in casting, fly in hardening, 
or break in working, and moreover is so easy to do, that as 
a proof of good workmanship it is contemptible, even if it 
were not really bad besides. 

Length of pallets. — A French clock-maker in the 
Exhibition of 185 1 had an apparatus for illustrating the 
superiority of moderately short pallets over long ones. It 
does not require much apparatus to prove that ; for assuming 
the scapewheel to be of any given size, it is evident that 
the farther the pallets are from their arbor the longer is the 
run of the teeth upon them, and the more friction there is 
afiecting the pendulum. The usual proportion seems to be 
to make the distance of the pallets from their centre = the 
wheel's diameter (generally iji inches in regulators), and 
embracing 10 j4 teeth, i.e. from one dead face to the other. 
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Tills seems to me rather an unnecessary length, and I 
should prefer 9^, or half a tooth under instead of over one 
third of the numher in the wheel. 

Various rules and calculations have heen given in books 
for the length and position of the pallets, according to the 
conditions which their authors thought most important. I 
think the most important of them all is to keep the dead 
friction a minimum, consistently with a sufficient length of 
pallets to prevent much force being wasted in clearance. 
The way to do this is to make the dead faces always per- 
pendicular to the pressure of the teeth, i,e, to the circum- 
ference of the wheel. Assuming 10 tooth spaces, or ^ of 
the wheel, to be embraced from one under face B to the 
other A (fig. 14) as usual, i.e. g}4 spaces from one dead face 
B to the other D, the pallet centre will be the intersection 
of two tangents to the circumference at B and D. That makes 
the distance of centres d = 1-84 r (r the radius of the wheel), 
and p OT GB and CD s= i'S4 r, which is quite enough. As 
one dead face is above and the other below, the lengths of 
the pallets as a whole are unequal, the appearance of which 
the dock-makers dislike, though it is of no consequence. If 
you determine to have them equal, and make (2 = 2 r, as is 
usual, and B G and AG = 1*73 r, the pressure will be per- 
pendicular to the dead face B, but not quite so to D : if you 
make d =: 17a r, and F G and D G each = 1*4 r, the dead 
face D will be right and the other wrong ; if d is anything 
between those sizes, one pallet will be rather better and the 
other rather worse, supposing the lengths to be equal. 

The unimportance of equality of length of impulse on the 
two pallets is evident from the fact that in some kinds of 
escapements, as we shall see afterwards, there is only one 
impulse pallet, and there is no loss of force thereby. The 
only way in which force is lost, apart from friction, is in 
the drop of the teeth from the end of one pallet to the face 
of the other, or in other words, the clearance, which is 

H 
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necessary to prevent the point of the returning pallet from 
catching the top of the tooth which last escaped from it. 
Consequently the thickness of the pallets has to he rather 
less than half a tooth space. The slopes or impulse faces 
may he a(yu8ted thus : Fix an index P to the pallets, and 
put them and the wheel on centres without shake at the 
assumed distance on a hoard. First file down B till there is 
only just enough dead face to receive the tooth when the 
escape takes place at A, and leave the comer F at first 
obviously too sharp, i.e. rather too long, and A too blunt, 
or the comer G nearly square. Mark where the index 
points at the moment of escape, and mark a"" from that, 
which = -035 P = ^ in. if C P = 7 m. File away F 
till the next escape takes place at that a"", and then reduce 
G till that pallet has only just enough dead face for the 
tooth to fall on. This will make each escape take place at 
i^ from zero Of the pendulum. 

The teeth of dead scape wheels are often made of a most 
absurd shape, the weakest and heaviest possible, viz., with 
the sides radial, and therefore thinnest at the root, and with 
a heavy shoulder, and also often too long. The best form 
is a simple taper. What are called club teeth, with a lump 
at the end, were supposed to hold the oil better, which is 
apt to run away from the points, but they seem to be 
generally abandoned. In the best clocks the pallets are 
jewelled with sapphires, which require scarcely any oil. 

Fin-wheel escapement. — There is a very convenient 
form of the dead escapement for large clocks, which goes by 
this name. It is said to have been invented by Lepaute in 
1753, but also by Whitehurst of Derby. The teeth are pins 
of brass wire set in the face of the wheel, and the upper 
half of each cylinder cut o£f, as it could not act and would 
only waste room in the drop. But I introduced the plan of 
cutting off a small slice of the under or acting side also, as 
shown in fig. 15 (next page), because, unless that is done, 
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you must either have the wheel very large, or the pins very 
thin, or long pallets, or a large angle of impulse, which are 
all ohjectionahle. The advantages of this escapement are, 




that it does not require so much accuracy of construction as 
the other, and less is lost in the drop, and therefore you can 
get many more pins than teeth to act in a wheel of given 
size, which often saves one wheel in the clock. If a pin 
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gets damaged it is easily replaced, whereas if a tooth is 
damaged iiie wheel is rained. The blow on both pallets 
being downwards, the action is more steady than it some- 
times is in the other. The pallets are best made with their 
cross section rather convex, and also ' half dead.' The scape- 
wheel of the large clock at King's Cross, by which the 
Great Exhibition time was kept, and of many others made 
from my design, is only 4 inches wide, with 40 pins in it. 
The lower pallet should be the inner one, and the higher 
one outside the wheel, because this makes the action of the 
teeth on both of them more direct. If the pallets are on 
opposite sides of the wheel with two sets of pins, they may 
be alike. The pins must then be at alternate places. 

Piu pallets. — Some of the best small French clocks now 
have an escapement which at first sight may be confounded 
with the pin-wheel escapement, but is really quite different. 
The scape-wheel is like a common dead one, and it is set * 
(merely for show) in front of the dial ; but the pallets are 
made of semi-cylindrical ruby pins ; the effect of which is 
that the half-dead part of the action is not on the points of 
the teeth but on their faces. The impulse is the same as on 
common jewelled pallets, only with the faces round instead 
of flat. I have seen an old clock with similar pin pallets, 
made of a thick bristle held at both ends, for the sake of 
silence, and the fork also. 

Single-pin escapement. — This very simple and neat- 
looking escapement has been several times re-invented. But 
I believe the only person who ever made it really succeed, 
from better attention to the proportions, was the late 
Mr. C. Macdowall, a very ingenious clockmaker, who died 
in 1872 at the age of eighty-two. There is an interesting 
memoir of him in the Horological Jouifial of Sept. 1873. 
But, like many other uneducated inventors, he was very 
difficult to convince that an independent inventor is not 
allowed by the world the credit of a first inventor unless he 
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is so. He also invented that most usefol instrument — the 
spiral drill ; or rather I should say, he invented the prac- 
tical mode of making it by twisting a piece of pinion wire, 
for the thing itself turned up in 
wood as an old Indian invention in 
the 185 1 Exhibition. Another of 
his independent inventions was the 
* helix lever wheels,' as he called* 
them, but they also appeared in 
some German clocks in the same 
Exhibition ; besides some other 
things which had been published in 
well known English books. He also 
persuaded himself somehow or other, 
that he invented the three-legged 
escapement which I shall next de- 
scribe ; but no one ever saw or heard 
of it until it had been made from 
my design, though he had shown me 
all his inventions, and I had helped 
him to get both a patent and an 
Exhibition medal for his single pin 
escapement, and old Mr. Dent, under 
my advice, had bought the patent 
for a considerable sum, and gave 
him an order for 500 watches on 
that plan if he could make or get 
them made, which he could not; 
and Mr. Dent accordingly got some 
made in Switzerland. I wore one 
of them long enough to see that it 
answered very well, but the expense 
of the two extra wheels which it 
requires overbalanced the advan- 
tages, though I hear they have 
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been also made in Paris from Macdowall*s instmctions, 
the patent not having been taken there, and being perhaps 
difficult to maintain here if it had been disputed ; for the 
thing had certainly been published, as we found afterwards, 
in a French book. Its action is evident enough from this 
picture (fig. i6). It has the advantage of giving a great 
part, you may practically say half, of the impulse directly 
across the line of centres (of the wheel and pallet arbor), 
and therefore with very little friction. The pin is made of 
a ruby, and should be set very near the arbor. The older 
ones were put too far off. Macdowall made them with a 
' neck-bearing,' i.e. the pivot was behind the wheel, or the 
arbor came through the frame, and had the wheel pinned or 
squared onto it. The pallet piece itself forms the crutch for 
the pendulum, the scape-disc being set behind the clock frame. 
It should have eccentric fork-pins to adjust for beat. 

Three-legged dead escapement. — It occurred to me 
in 1 85 1 that all the best or most direct part of the impulse 
in the single-pin escapement might be kept, the more oblique 
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part got rid of, and one of the extra wheels saved, by using 
three pins' or teeth instead of one ;• and the result was this 
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escapement (fig. 17) (for clocks only, not watches), in which 
the upper tooth is shown in the act of giving the impulse. 
This is 2kfuU-dzed view of the escapement which drove the 
Westminster pendulum of 6 cwt. for half a year, until it 
was superseded by another modification of it invented for 
the purpose of equalising the force of the impulse. That 
scapewheel was of steel and weighed only '/^ of an ounce 
or 73 grains, and the clock weight required for it with a 
common turret clock movement was only i81bs. falling 6 
feet a day, and less than a quarter of what a dead escape- 
ment had required ; and considering that more force is lost 
by the inertia of such a train than in small clocks, we may 

W^ 
say that the fraction .--- was less than a third of its usual 
•^ ml 

amount for the best astronomical pendulums swinging the 
same arc. I found also that it was possible to isochronise 
the long and short arcs — at least for such variations as 
actually occurred, by making the stopping or horizontal 
faces half-dead, as I have drawn them. The distance of 
the scapewheel from the pallet arbor should be about 24 
times the radius of the wheel, to make it escape at x°, allow- 
ing a little for clearance. It requires careful adjustment, 
for the greatest depth on the lower pallet is something les9 
than '/g of the radius of the wheel. 

It is necessary in this and prudent in all dead escape- 
ments, of large clocks especially, to have a spring-fork to the 
crutch ; i.e. the fork-pins attached to the crutch by springs, 
so that if the scapewheel is not turning from any accident 
while the pendulum is moving, and the pallets jam against 
the teeth, the fork springs may give way and let the pen- 
dulum go on without breaking a tooth, as it inevitably 
will unless so Relieved. The pin-wheel escapement is 
specially liable to this, because the edges of the pins and 
pallets are not sharp as in the common toothed wheel 
escapements. 
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The friction might be still more reduced and the adjust- 
ment of the pallets made easier by making the escapement 
with long stopping teeth, as in fig. i8. It would also 
give room for a longer swing of the pendulum, which can- 
not safely be made above 2"" in the other form, or the 
stopping faces will reach the scapewheel arbor. An escape- 
ment of this kind clearly reduces the pallet friction to the 
smallest amount possible in any dead escapement. It is 
however not free from the variations of force in the train. 
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Constancy of force is only to be got by an entirely different 
class of escapements, or by the addition of a train remon- 
toire, of which I shall speak hereafter under Turret Clocks. 

Detached escapements. — There have been various con- 
trivances for clock escapements on the chronometer principle 
of leaving the pendulum free or detached from the scape- 
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Fig. 19. 



wheel except at the time of receiving the impulse and of 
unlocking the wheel. There is an old French one described 
in Rees's Cyclopaedia, and Sir G. Airy invented another, 
which is described in his before-mentioned Cambridge paper, 
and has been lately adopted in the normal sidereal clock at 
Greenwich. A few of them had been made before by old 
Mr. Dent, with half-second pendulums, for which this escape- 
ment does not answer, as Mr. Brock, of George Street, 
Portman Square, has also told me. The Greenwich clock 
however with a seconds pendulum of about 30 lbs., appears 
to answer remarkably well, and therefore I copy the 
original picture, from which its action will be easily under- 
stood. The single pallet C P is exactly like the right hand or 
down pallet of a dead escapement. 
A B D is a detent attached to a 
' fixed block at A by a slight spring, 
B being the catch which holds 
the scapewheel teeth or pins, for 
it does not matter which they are. 
(B D is the flat view of it, omitting 
the stop at B.) At D, on the un- 
derside of A B D, there is a very 
slight ' passing spring * projecting 
a little backwards, as shown in 
the separate sketch ; so that when 
the pin at D on the pallet goes to 
the left it pushes the passing spring 
down, and so passes it ; but when it comes to the right it 
lifts up the detent, because the passing spring being under- 
neath cannot yield upwards. That unlocks the tooth at B, 
and lets another tooth at P fall upon that pallet, and give the 
impulse down its oblique face. The advantages which Sir 
G. Airy contemplated were, the abolition of the dead friction, 
and the power of making the impulse begin as much before 
zero as it ends after zero, the value of which we saw at p. 86. 
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But I cannot help thinking the following a better plan, 
because it gives the impulse without any sensible friction, 
as in the three-legged escapement just described, and in- 
volves no passing spring, which is always a delicate arrange- 
ment. I had this clock made and set going in November 
1865, and it went till August 1873, nearly 8 years, without 
being touched, even with oil, as I wished to see how long 
it would go. The arc decreased a little, and it had a slightly 
increasing gaining rate in the last few years ; but I never 
had any clock go so well for anything like that time, though 
my gravity escapement clock, to be mentioned presently, has 
gone as well for shorter periods. The train is -pie 20. 
not a very fine one : with a fine train, or a 
coarse one with a remontoire for a turret clock, 
I have no doubt this escapement would go at 
least as well as any other. But since 1873 it 
has not equalled my gravity escapement clocks, 
and the gravity escapement is both cheaper and 
safer for large clocks than any train remontoire ; 
which may therefore be considered obsolete. 

This figure shows the construction clearly 
enough, except as to size. The* locking teeth 
of the scapewheel reach about '6 in. from the 
centre, and the impulse pins '25 in. Their 
centre is 7 in. below the top of the pendulum 
and crutch, and the impulse begins about 1° 
before zero, and ends i"" after. For the scape- 
wheel turns 36° before and 36° after zero ; 
and therefore, if r is the distance of the pins 
from the centre, and p the length of the crutch, 
r sin 36° must = p sin i** for an impulse of 2** ; 
which makes /> = 33.7 r. Copsequently the 
dimensions just now given are practically 
right, allowing a little for clearance, as you 
,must. The pallet piece P is a separate piece of quite 
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hard steel screwed on to the aperture in the crutch A P ; 
and this requires care in adjustment, as the depth is less 
than 7s of the radius of the wheel, being r vers, dn 36^ ; 
which however is more than in the three legs, for this turns 
72^ at each beat, and that only 60^, this being a single-beat 
escapement, which, it seems necessary to, inform some 
persons, wastes no power if the train does not move at the 
return beat of the pendulum. 

But for that it would be better to have no crutch, but make 
the action take place on the pendulum itself; it is hardly 
possible however to manage that behind a clock of regulator 
size, with the pendulum hung to the wall as it should be. 
The wheel lies behind the clock in a long cock embracing it 
and the crutch. The detent D E F is on a stud F in the back 
plate, though it looks here as if it were on the crutch, as the 
click E really is. When the pendulum goes to the right 
(in this drawing) the click trips over the top of the detent, 
and when it returns to the left the click pushes the detent 
aside, and sets a locking tooth free, and then the scrapewheel 
turns and a pin gives the impulse. The shape of the pins 
should be observed. It will easily be seen that the scape- 
wheel should be at the bottom of the clock, and the great 
wheel at the top, as in my gravity escapement, and also in 
the dead three-legs described at pp. 102 and 104. B B' are 
eccentric beat pins, by which the impulse can be made to 
begin as much before zero as you like, so as to make the 
angle which we called ^ greater than y if necessary. 

REMONTOIRE OR GRAVITY ESCAPEMENTS. 

These are not to be confounded with the thing called a 
train remontoire, which I alluded to just now but shall not 
explain till we come to turret clocks, as it belongs only 
to them. A gravity or remontoire escapement is one in 
which the impulse is not given to the pendulum directly by 
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Ire clock- train and weight, but by some other small weight 
'^lifted up, or a small spring bent up, always through the 
same distance, by the clock-train at every beat of the 
pendulum. And the great advantage of them is that the 
impulse is therefore constant ; for the only consequence of 
a variation in the force of the clock is that the remontoire 
weights are lifted either faster or slower, which does not 
signify to the pendulum, as the lifting is always done when 
the pendulum is out of the way. If this can be managed 
with certainty, and without exposing the pendulum to some 
material variation of friction in the work of unlocking the 
escapement, which it must perform, its motion and therefore 
its time inust be absolutely constant, since there is nothing 
to disturb it. It does not look a very difficult problem ; and 
yet it puzzled the clockmakers to solve it in a satisfactory 
way for about a century, in consequence of certain small diffi- 
culties which nobody would guess until he had the oppor- 
tunity of seeing them in action; and after all it was not done 
by the clockmakers, but by two lawyers, in diflferent ways. 

But first it may be asked, is the gravity escapement problem 
worth solving? Is not the dead or the detached escape- 
ment proved to be good enough both by experience and by 
mathematics ? The answer is, that in science nothing is 
good enough when it can be improved upon: that both 
mathematics and experience prove that only by the most 
careful and delicate and therefore expensive work, and only 
on a small scale and with light weights, can clocks with 
* impulse escapements * {i,e, receiving direct impulse from the 
train) be made to go as well as the best of them do ; and 
although it is possible, by the addition of a train remontoire, 
to make even large and heavy dead escapement clocks go 
as well as astronomical ones, yet that apparatus involves 
not only some extra expense, but what is far more difficult 
to provide, some extra attention and intelligence in the 
people who have the care of it. We may however dispose 
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of a great number of the contrivances for gravity escape- 
ments by the remark, that they require not less, but more 
delicacy of construction and careful handling afterwards than 
the finest dead escapement, even if they ' perform * any 
better, which scarcely any of them do. 

Before we can appreciate the merits and the difficulties of 
this class of escapements, it is clearly necessary to understand 
the theory of them ; which I shall be able to exhibit more 
briefly than that of the dead escapement, as some of the 
ground is common to them both, and especially that useful 
formula of Sir G. Airy's for the variation of the time caused 
by any escapement, from wl}ich I shall start again. But it 
will help our conception of the process if we first take some 
simple form of gravity escapement as an illustration of 
their principle ; and it does not signify that that form was 
neither the first nor the best, on account of certain mechani- 
cal objections which we are not concerned with yet. 

Mudge's gravity escapement. — The pallets A C, B C, 
are no longer fixed on one arbor, but on two, as close to the 
bend of the pendulum spring as possible. The acting faces 
are so shaped and placed that whenever the wheel moves 
from B towards A, a tooth will lift one of them until it is 
stopped by the nib a or 6 at the end of each acting face. 
Here the pallet A has just been lifted and is holding the tooth 
that lifted it ; as soon as the pendulum comes, moving to the 
right, it will evidently push that pallet out of the way by 
means of the fork-pin P, and so free the tooth, and the wheel 
will begin to turn, and the opposite tooth will immediately 
lift the pallet B till it likewise is stopped by b. The pendulum 
is all the time going on rising to the right and carries the 
right pallet with it as far as it likes to go ; when it begins to 
fall the pallet falls with it, not only to the place where it was 
taken up, but to a lower place, corresponding to that of the 
left pallet in the picture ; and the fall of the weight of the 
pallet from the place where it is taken up by the pendulum 
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to the place where the pendnlum leaves it, or the difference 
between its rise and fall with the pendulum, constitutes the 
impulse, and that difference is evidently constant, however 
far the pendulum may swing. 

_ C 




If the weight of the pallets were partly or wholly counter- 
balanced, and they were fixed by springs instead of acting by 
their own weight on pivots, it. could no longer be called a 
gravity escapement, but would have the more general French 
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Dame of a remontoire ; bat the principle would be the samei 
except that the force of the springs has a law of its own, and 
is more variable than that of gravity. 

It is easy to show that the effect of a gravity escapement 
is to make the pendulum go faster than a free pendulum, by 
exactly the same reasoning as was used to contrast the dead 
and the recoil escapements ; or still more simply, by con- 
sidering that the remontoire weights are in effect so much 
weight added to the pendulum far above its centre of oscilla- 
tion, and therefore they accelerate it. But this tells us 
nothing about the variation of the rate, in case the arc in- 
creases or decreases a little under any change of friction ; 
and we shall see presently that a very curious result comes 
out with respect to this, which it is impossible to arrive at 
except by calculation. 

To do this we must find out again what that quantity 
called <l>, in Sir G. Airy*s formula at p. 85, is for this escape- 
ment. Let the angle after zero at which the pendulum begins 
to lift the pallet be called y, and the angle at which it leaves 
the other pallet which has been giving the impulse ± fi, ac- 
cording as that takes place after or before zero : so that, as 
in the dead escapement, the angle y + fi is the angle of 
impulse, if the descending pallet is left after zero, which we 
shall see is the best arrangement. Let P^ be the weight of 
each pallet, and p the distance of its centre of gravity from 
its axis at C, and 8 the angle which p makes with the 
pendulum when they are in contact. M^ represents the 
moment of inertia of the pendulum as usual ; strictly speak- 
ing we ought to add to it the moment of inertia of the 
pallets while they are in contact with the pendulum ; but as 
that makes no difference in the nature of the result, and in 
the best escapements one pallet or the other is always in 
contact, we may either consider that as included in MP or 
neglect it altogether. Then the equation of motion will be 

^ — — 9^^^ _ ^pgBm{B + $) 
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We may put for sin 0, and i for cos {$ being small), 

*' dt '^ I \ '^ m) Mi» 

This is of the same form as in the dead escapement; 
only here the constant term involving simply 0, which 
always indicates isochronism, has its coefficient increased; 
which shows that the pendulum will regularly go faster than 
if its own gravity alone acted upon it, exactly as it is acce- 
lerated by those small regulating weights which I described 
at p. 50. The other term constitutes the disturbing force <f>, 
from which we are to learn what will be the disturbance of 
the ieochronism if the arc varies a little ; and this result will 
also bo of the same form as before, except that the limits of 
are different, as it does not act now through the middle of 
the arc only, but from — a to jS and from y to a ; and even 
if fi should be identical with y the action is not continuous, 
for the falling pallet pushes the pendulum from — a to )9, 
but the pendulum lifts the pallet from y up to a. Therefore 
the result of the integration will be (putting W^ for the sum 
of Pp sin 8 for the whole day) : 

AT - - W;^(Vc;^^=V+Va^"=^) . 
■" MZ IT a» (y + yS) 

which differs from the dead escapement formula only in the 
signs ; but we shall see that that produces another very im- 
portant difference. First however we may remark that if 
^ is — (that is, if the falling pallet is left before zero), or 
even if it is smaller than y (and it cannot be larger with 
safety to the locking), AT is increased, and so will all its 
variations be when there are any. Therefore let us assume 
that p is as large as it can be, i.e. that one pallet is taken up 
just when the other is left, or /? = y ; and then the formula 
becomes much more simple : 

AT = - _^^a/^ 
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We must differentiate this, as before, to see what the 
variation of rate will be ; but this time we need not consider 
W or the force of the impulse variable, because we know it 
is not — ^if the escapement is what it pretends to be. Then 



,^T = ^^^^V-^ 



—5— a 



y 

From which this remarkable result appears, — that if the 
weight of the pallets is so adjusted that the pendulum swings 
through an arc a = y\/2, the rate will not vary at all, even 
when the arc does, except what may be due to the circular 
error. Unfortunately they both have the same sign, and 
therefore the escapement cannot be made to correct the 
circular error. But there happens to be a mechanical 

difficulty in making y as large as — ?L or 7 1 a, which would 

be 85' if a = 2** ; and moreover Mr. Bloxam came to the 
conclusion, as stated in his papers, that from other causes, 
especially the variation of density of the air, it is better 
to make y considerably smaller than '71 a. Let us see 
then what the variation of rate from the escapement will 
be for some such value of y even as far from the theo- 
retical value as -- • 

^ . m 

In the Westminster clock I know by trial that-:jr=r at the 

escapement is not more than 1/45 ; taking it at that, and a at 

3* 40', as it is, and y = ~ , you will see, if you take the 

4 
trouble to make the calculation, that the clock will only gain 
about a second a month for a decrease of arc of 5', which is 
larger than is likely to happen, besides what is due to the 
circular error so far as it is uncorrected by the spring. 

I 
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In those escapements where the falling pallet is left before 
zero, the expression for the variation of rate would be 



, ^ WA da. I a* — 2y^ 



m ^ a» (y - j8) ( y/^ 






in which you observe y — P instead of y + ^ is in the 
denominator, and therefore the variation is much larger than 
in Uie other form of the escapement. Theoretically indeed 
this might also be made = o by making the three angles 
satisfy this condition, 



Va* — y» /a' — ^ = 1 . 



Thus y = 90' and p = 78' would be right for a = 2^ ; 
but these small differences would be even more inconvenient 
mechanically than y = 85' in the other case. That con- 
struction therefore is decidedly the worst, notwithstand- 
ing the tempting appearance of the pendulum being left free 
through the middle of its arc ; a fact which would probably 
never have been known with certainty without this kind 
of investigation, as the errors would have been sure to be 
attributed to any but the right cause. 

Beid mentions, at page 139 of his old book, a curious fact 
bearing on this. He says he cut a hole in the side of the case 
of a gravity escapement clock, which increased its arc from 
i"* 22' to i"* 37', and at the same time made it gain 42 sec. a 
day, and a larger hole increased the arc 12' more, and I 
suppose the rate. Therefore the diminished resistance, from 
the pendulum being able to drive the air before it through the 
hole, much more than counteracted both the circular error 
and the escapement error, making the clock gain this great 
amount instead of losing a little under the increased arc. 
Moreover such an enormous variation of rate as this shows 
that the motion of the air in the clock-case may affect the 
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rate materially. But I must add that I have t^mce tried the 
experiment myself in a still stronger way, by taking off the 
clock-case altogether from my own gravity escapement clock, 
and I could not observe any increase of arc at all — certainly 
not of 5', nor any alteration of rate. The arc was however 
nearly i^ larger than in Reid's clock before he cut the holes ; 
and this is another proof of the unsteadiness of very small 
arcs. I have since found that a small enclosure for a turret 
clock pendulum bob did diminish the arc a little. 

Probably no one would foresee, without experiment, that 
the simple form of escapement in p. no would fail. Several 
of the most elaborate French turret clocks in the Exhibition 
of 1 85 1 were on that plan, and people were very much 
surprised when I showed them that you could make all those 
clocks increase their arc visibly and speedily by increasing 
the clock- weight, which is directly contrary to the funda- 
mental principle of a gravity escapement. This form of the 
escapement was invented by Mudge, a celebrated watchmaker 
whom I shall have to mention again, and it had long been 
known here that it would not answer, on account of its lia- 
bility to trip, or to bave the pallets jerked out so far by the 
motion of the wheel that the nib fails to catch the lifting 
tooth, and so three or four teeth run past and the time is 
altogether lost. The only way of avoiding this liability is to 
use a very highly finished train with high numbered pinions 
to keep the force uniform, and then to make that force only 
just enough to raise the pallets ; but that is inconsistent 
with the clock being able to work anything but a small dial, 
and if it is not kept very clean and the oil fresh, it will be 
sure to stop. In short, the clock becomes too expensive and 
delicate, and requires too much attention to be tolerated in 
common use. 

Cnnuning's esoapement. — But even if all these risks 
were got over, there is still another radical defect in all such 
escapements, which does not appear to have been ever 
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noticed before I pointed it out with reference to those clocks 
in the Exhibition. The force may easily be enough to raise 
the pallets a little too high, without jerking them over the 
tooth altogether, and then the pressure on the nib is quite 
enough to keep them there, and so the pallet is taken up by 
the pendulum at some angle greater than the proper one y ; 
and as it falls down with the pendulum to a constant place, 
the impulse lasts longer than it ought, and of course the arc 
is increased. I gave the name of approximate tripping to this 
defect, and any escapement which is liable to it is evidently 
worth nothing. It seems capable of happening even where 
the impulse or sloped portion of the pallet is put on one arm 
and the nib on a separate one which is not lifted at all by the . 
wheel, but only by the pendulum, as in Cumming's escape- 
ment, which was invented very nearly a century ago, and 
for a time was thought to answer well. I suppose this is 
in consequence of the force with which the tooth strikes the 
stop pallet, sometimes throwing it a little out of its place, 
unless it is undercut or given a slight recoil the wrong way ; 
and that is objectionable too, because it resists the unlocking, 
and does not always resist with the same force. 

Hardy's esoapement. — One of the objections to Cum- 
ming's escapement was the firiction of no less than 8 pivots 
of the 4 arms which had to move with the pendulum in the 
course of each vibration. Hardy avoided this by setting the 
arms on springs instead of pivots ; but that introduced 
another and probably a worse evil, because the stiffness of 
the springs varies with the temperature, which of course 
disturbs the rate of the pendulum. That escapement was 
consequently removed from the transit clock at Greenwich 
many years ago, and a dead one substituted. There were 
some very good rates of three Hardy^s clocks published in 
Pearson* $ Astronomy ; but they are practically extinct. 

Eater's escapement. — The late Captain Kater, who paid 
great attention to the theory of pendulums, invented a 
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gravity escapement, which is very fully described in the 
130th vol. of Philosophical Transactions^ on the principle of 
making the weight of the descending pallet unlock the scape- 
wheel by falling upon an anchor like a pair of dead escape- 
ment pallets without the impulse faces. He supposed that 
as the inertia of the anchor would stop the pallet for a 
moment, the pendulum would leave it Uiere, imd so be itself 
free from the friction of unlocking. But here again it was 
found that the force of the wheel was apt to displace the 
anchor unless its pallets were undercut, and then the resist- 
ance was sometimes too great for the gravity pallets to 
overcome, unless they were too heavy for the pendulum ; 
and after many attempts to make it go, that escapement 
also was taken out of the only clock to which I know of it 
being applied, and came into the hands of Mr. Bloxam, who 
showed me it. The failure of it is described in his paper 
before mentioned. 

Gowland's esoapement, which was in the Exhibition of 
1 85 1, was on the same principle as to the unlocking only. 
He had not even pallets for the impulse, but a pair of small 
weights, which hung on long arms or spikes projecting hori- 
zontally from the locking pallets, except when they were 
lifted off by similar arms projecting from the pendulum. 
This prevented the friction of any pallet pivots affecting the 
pendulum. The locking pallets were of Mudge's form, and 
were prevented from being driven too quickly and tripping, 
by paddles descending from them into a pot of oil — ^not a 
very elegant contrivance certainly, and requiring a good deal 
of extra force in the train. I heard no more of it after the 
Exhibition, at which I was not surprised. 

M. Gannery, of Paris, had an escapement there also, on 
the same principle as to the small weights, which were hung 
by strings from the pallet arms and received in cups on the 
pendulum arms, or vice versa. But instead of the oil pot, he 
made Uie scapewheel of the usual size with only 9 teeth of 



I IS FOBMEB GBAYirr ESOAPEMENTS. 

Tory slow rise and a nib at the end, whicb therefore lifted 
the pallets slowly and seemed to obviate the tendency to 
trip, so far as I could judge by merely looking at it. I 
should think however that the rigidity of the strings would 
be quite enough to affect the pendulum, and the friction in 
lifting was considerable. Moreover I doubt whether the 
stopping of the unlocking weight in any of this class of 
gravity escapements is decisive enough to make the difference 
of the angles of lift and of drop quite constant ; and if it is 
not the escapement fails. Of that escapement also I heard 
no more, and the French members of the jury evidently 
thought very little of it. Nevertheless, the scapewheel with 
9 teeth instead of 30, which reduces the pressure of the stops 
in that proportion, was a great advance in the right direction, 
though not absolutely new, because the same thing had been 
done much better some years before in 

Blozam's escapement. — ^This is so superior to the 
others that it deserves a more particular description. This 
drawing (next page) of the full size in Mr. Bloxam's own 
clock, is copied (with a little alteration for distinctness of 
exhibition) from his account of it in the Astronomical 
Society's Memoirs of 1853. The pallets are lifted alter- 
nately by the small wheel or pinion with 9 teeth, and with 
scarcely any friction, as the action is only for a short dis- 
tance across the line of centres. The stopping is done by 
the long teeth, and the pressure there is less than the lift in 
the proportion of the radii of the small and large wheels. 
The stops are A and B : E and F are the fork pins which 
embrace the pendulum. The pallets above at are cranked, 
that their centres of motion may be identical with that of 
the pendulum ; which is perhaps an unnecessary refinement, 
especially as the pendulum spring has no one centre of 
motion. The size of the wheel determines that of the pallets, 
thus : if the radius of the wheel is i in. the length of each 
pallet down to the stop must be 2*8 in., to make the angle 
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between the locking teeth and each pallet 90°. Mr. Bloxam 
made the angle y, at which the pendulum leaves one pallet 

and takes up the 



Fig. 22. 




other, only 20' in 
his clock, and a = 
i.°4o', these being 
the proportions 
which he concluded 
were the best to 
counteract the effect 
of variations of den- 
sity of the air. 

The objections to 
this escapement are, 
that it is delicate and 
expensive to . make, 
both in itself and in 
the rest of the clock, 
and if a pallet got 
accideirtally lifted 
the wheel would run 
with great velocity 
and probably break 
a tooth when the 
pallet stopped it 
again — an evil to 
which most of the 
previous escape- 
ments are equally 
liable, and it is a 
very serious one. 
train is very fine. 



It is also liable to trip unless the 
so that no more weight need be used than is absolutely 
necessary. But unless a gravity escapement will enable the 
clock to do with a coarse train, it is of no real use ; at any 



ISO BL0XAM*8 GRAVITT ESGAPEBfENT. 

rate it is quite certain not to come into use ; and Mr. Bloxam 
said that he considered a fine train essential That in his 
own clock was the finest and had almost the highest num- 
bered pinions (i8) I ever saw. And therefore after all, this 
can only be regarded as a theoretical or scientific solution of 
the gravity escapement problem, but hardly a practical one. 
I expressed this opinion of it in early editions of this book, 
and stated that old Mr. Dent and I had agreed that it would 
not do for the Westminster clock, even if protected from 
variations of force by a remontoire in the train. Somebody 
however thought he knew better; for in the 1862 Exhi- 
bition there appeared for a short time a small turret clock 
vdth this escapement, and a train remontoire, which was 
said in the newspapers to have been made under the direction 
of the Astronomer Boyal. But it could not be made to 
behave properly, and after a few weeks was withdrawn. 

At the same time, Mr. Bloxam deserves the credit of 
having first discovered, though he did not publish the 
discovery till long afterwards, that the practical conclusions 
of Sir G. Airy's Cambridge paper were erroneous ; and that 
the errors of a dead escapement cannot be made either in- 
significant or constant ; that the dead friction does not 
correct itself before and after zero ; that the acceleration of 
a gravity escapement pendulum over a free pendulum does 
not signify the least; but that what does signify is the 
constancy of that acceleration; ^and that the variation ''is 
least when the acceleration is greatest, and may be made 
practically nothing by a particular arrangement of the angles 
of impulse. The Astronomer Boyal afterwards in effect 
assented to all this, first. by admitting in 1852 that my 
gravity escapement, which will be described presently, 
answered perfectly, and by himself communicating Uy the 
Boyal Astronomical Society Bloxam's two papers of 1853 
and 1858 sent from Madeira, the latter of them after he was 
dead; and then actually going too far and assuming that 
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Bloxam's escapement was a practical solution of the gravity 
escapement problem. 

Sir E. Beckett's Gravity Escapements. — I have now 
to describe the only escapements of this kind which have ever 
come into real use ; and that both for large and astronomical 
clocks, especially the former. The earliest form of them 
need no longer be described, as it has been superseded by 
two others, one with a four-legged scapewheel for small 
clocks, and the other with a double three-legged wheel for 
large ones. 

The four-legged escapement is shown in this drawing 
of a regulator of this kind seen from behind, half the real 
size. To avoid confusion, only the centres of most of the 
wheels are shown, and you see the train is inverted, to save 
height in the frame and clockcase. G is the great wheel 
arbor, and the barrel is shaded ; C the centre wheel, close to 
the top of pendulum and pallet arbors, B second wheel, 
A seconds-hand wheel, and E scapewheel. DD are the 
brackets which come out of a large cast-iron plate or back, 
from which also comes the pendulum cock, shown by 
partly broken linesj to leave the pallet cock visible. PP are 
the pillars, CST, CS'T' the pallets, and their inside pivots 
(the arbors being very short) run in a flat piece or cock 
between the centre wheel and the clock plate or frame. 
The scapewheel speaks for itself as to the long locking 
teeth ; but it has two sets of lifting pins near the centre, 
pointing alternately backwards and forwards, one set lifting 
one pallet and the others the other, the pallets being in 
different planes, before and behind the wheel, with one stop 
S pointing forwards and the other S' backwards. This can- 
not be done otherwise with an even-numbered wheel, and 
though it can with a five-legged one, that is an inferior 
construction in other respects, and is much more difficult 
to make rightly, and has not one advantage when it is 
made. I say this from experience now, as I did before 
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Fig. 23. Back View. 
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from theory. For with the strange propensity of mankind 
for taking more trouble to do wrong than it would take to 
do rights some persons would persist in making the escape- 
ment with five legs. I thought it might possibly save a 
little force or weight on the train, but it does not even do 
that ; nor anything else, except give more trouble to adjust : 
whereas the four-legged one is so easy that the very first I 
had made went at once perfectly without any alteration. 

The great feature of them is the regulation of the velocity 
and the avoidance of the banging on the pallets and the risk 
of tripping, either actual or approximate, by putting a 
common fan-fiy on the scapewheel arbor. And this 
becomes possible or effective only by reason of the large 
motion of the wheel and fly at every beat : viz. 45** in this 
escapement, and 60^ in the three-legs. A fly would be of 
very little use in Bloxam*s escapement, to say nothing of 
its other difficulties. In order to leave room for the fly 
the seconds- wheel arbor is cut short and set in a cock within 
the frame, which leaves space enough for a fly above 2 in. 
long in each arm, from E to 6. 

The pallets require no beat screws, as they are only thin 
pieces of steel like square wires, which can easily be bent 
for adjustment; and even for a 40 lbs. pendulum they 
have to be made very light ; they must be cut out of steel 
plate, and the lifting faces hardened. The pins are found to 
do better also of steel than of brass, and one set of them 
should be tapped into the wheel with left-handed screws, so 
that the- action of lifting may not tend to loosen them. The 
wheel is either screwed on the arbor up to a shoulder with a 
left-handed screw, so that the action tends to tighten it, or 
is ' squared on ' a hexagon and pinned. The scapewheels 
are also generally cut out of thin steel plate ; but some have 
been made of a harder kind of gun-metal or softer kind of 
bell-metal, and I am not certain which is best. But in either 
case Uie stops must be as hard as possible, either steel quite 
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hard or jewels. I think steel hard enough, and I do not 
believe in leaving any place where there is friction totally 
dry, though the oil may be the least possible. 

Another great advantage of these escapements is that the 
length of the teeth or legs, and the largeness of their motion, 
make the pressure on the stops, or the work of unlocking 
by the pendulum, insensible ; and therefore also they are 
incapable of holding up the pallets so as to cause ' approxi- 
mate tripping ' by any force that you can apply to the great 
wheel, provided the escapement is made properly. But 
with that same genius for doing things wrong when it 
is as easy to do them right, some persons have made the 
angle CSE, at the stop which is struck upwards, less than 
90^, and then have said the escapement failed because 
it sometimes tripped, as it was pretty sure to do. For 
safety it is as well to put the up stop a little higher, and the 
down stop a little lower than their proper theoretical places, 
which are where both the angles would be exactly 9o^ 

That determines the theoretical distance of the pallet 
arbors C from E the scapewheel centre. If its diameter is 
4 in. that distance is 5*2, and that is the proper distance of 
the top of the pendulum spring above E. The pallet arbors 
must evidently be a little lower. Mr. Bloxam made them 
cranked (see p. 119) in order to get their common axis in a 
line with the top of the spring ; but that is an unnecessary 
refinement, at least for these escapements, and is never done. 
And as no point in the pendulum really swings quite in a 
circle, I doubt if the friction of the pallets on it would be 
sensibly less for their being both made to describe the same 
circle by cranking their arbors : at any rate it is too insigni- 
ficant to care about. 

The distance of the lifting pins from the centre should not 
be more than a 40th of EC, or else the angle of impulse 2y 
will be larger than is found expedient. It is difficult to 
9iake the pallets light enough even with a small y, and tho 
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larger it is the lighter they mnst be. The length of their tails 
down to the beat pins is arbitrary, but I found the West- 
minster clock perform decidedly better with the pallet tails 
long than short. The length here shown does very well, 
and it looks neat to make the two parts reciprocally parallel. 
The pins should be placed so that the lifting may take place 
equally across the line of centres CE, because then it is 
done with the least friction. For this purpose the pins 
which lift the lower pallet must be set on the radii which 
run along the acting faces of the teeth, and the other set of 
pins half way between them, with reversed screws, as I said 
before. 

Any gravity escapement requires a heavier weight than a 
dead or detached one, other things being equal, because it 
must be strong enough to lift the pallets promptly and 
firmly always ; but the superfluous force does not reach the 
pendulum, and therefore does no harm, provided the train is 
good enough not to waste much force generally in order to 
get over occasional weak places from bad wheel-cutting. 
Nothing tests the defects of a train like a gravity escapement. 
If there are bad places in a common clock train they must 
be very bad indeed for the teeth not to follow the pallets, 
though they may be giving no effective impulse for some 
seconds ; but in a gravity clock the pallets have always to 
be lifted ; and I have never got a train yet in which I could 
not hear some weak place, recurring always at the same time 
of day, and requiring at least an extra pound in the weight 
beyond what was generally wanted. For that reason, 
though a high numbered train is not, or ought not to be 
requisite for these clocks, it should be a thoroughly good 
one ; and as defects of cutting affect low numbers more than 
high ones, it is better to have them rather high, though they 
need not be anything like what are used for fir^t-rate dead 
escapements. I have the upper pinions of lo and the centre 
one of I a, and if these are well cut, and still better if they 
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are lantern pmions, they are enough ; if they are not, yon 
will soon hear and see it hy the escapement, and the train 
should be rejected as a bad one. 

In gravity regalators, for the same reason, the wheel must 
have a little run at the pallets before it begins to lift them, 
just as many clocks will not begin to strike if the Jiammer 
tail lies on the pins : i.e., there must be bankmg pins K K' 
for the pallets to rest on just clear of the lifdng pins. And 
in turret clocks the banking pins are useful to reduce the are 
without making the pallets too thin. They may be simply 
a thin piece of metal adjusted for the beat pins to fall on. 

It is better to have a full-sized barrel with three lines and a 
fixed pulley for a ' three-quarter length ' clock than two 
lines and a smaller barrel. A clock of this kind with a 
40 lbs. pendulum swinging 2^ requires a weight of from 30 
to 24 lbs., according to the train, to lift the pallets promptly 
and firmly, and loud enough for an observer. 

These clocks have also been made to strike a small bell 
every minute by a pin on the minute wheel, which enables 
an observer to go on for some time without looking at the 
clock. Of course this requires rather more weight, and no 
such extra friction could be tolerated in a dead escapement. 
My clocks strike one at the hour on a rather large bell, but 
that makes no sensible difference in the weight. When 
there is a fuU striking part, the train must be arranged in the 
usual position, which is inverted in the mere going clocks, to 
save unnecessary height of the frame and the pendulum 
being several inches above it, on account of the extra wheel 
and the length of the pallets. The great wheel is also put 
on the left side to keep it near the side of the case and out 
of the way of the pendulum. When a pendulum imparts 
vibration to the weight, as they do sometimes, the simplest 
cure for it is to put a board down the side for the weight to 
graze when it is near the pendulum. It has never happened 
in my clocks, and three lines tend to prevent it. 
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XJnfortunately I have no daily rate of any of tiiese docks 
regularly taken in an observatory, until we come to the 
largest of them all ; but judging of my own for long periods 
by the Westminster clock, which is tested daily, I have no 
difficulty in pronouncing it superior in steadiness of rate to 
any dead escapement whose rate I have ever seen. And 
they are made by Mr. Brock, of George Street, Portman 
Square, and I dare say by other makers, for half the price of 
the old-fashioned best dead escapement regulators with only 
islbs. pendulums. 

Some persons have taken a great deal of unnecessary 
trouble to modify these escapements in order to avoid the fly, 
as if that did any harm ; and have added train remontoires, 
as if that did any good to any gravity escapement which 
really is a gravity escapement — i.e, which has no tendency 
to trip, and gives a constant impulse clear of the friction of 
the train. One of these attempts to get rid of the fly was 
exhibited by Dr. Clark in 1862 ; but the wheel was stopped 
with a bang that thrilled all through the clock, which only 
tends to knock it to pieces, and keeps everything in a state 
of vibration. It was also a much more delicate construction, 
and I should prefer Bloxam's if I had to choose between 
them ; for if you have not a fly, the less the motion is at 
each beat the better. Another contrivance for the same pur- 
pose, invented by a French workman here, was used by his 
employers in a few church clocks, and then abandoned, and 
my original form resumed by the makers in all their turret 
clocks. The fly should of course be as light as possible, 
either of thin steel or aluminium ; and the best way to put it 
on is with a piece of watch spring pushed in through an 
oblong hole so as to press always on the arbor, which 
should not be very thin. Some persons do not seem to 
know that a long fly is more effective than a wide one of the 
0ame area. 

Another mistake made by several of these inventors, 
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including Dr. Clark, was that of supposing it was better to 
let the pallets unlock the wheel in falling with the pendulum, 
forgetting that the pendulum is then just as much affected 
by the friction of unlocking as if it did it in rising, if that 
friction is sensible ; and if it is not, still less can it signify 
whether it is borne directly or indirectly by the pendulum. 
It is still worse to keep the pallets moving in contact with the 
stops during each ' excursion* beyond the angle of unlock- 
ing, for that reduces it so far to a dead escapement. But 
the worst of all the < improvements * was by the late Mr. 
Cooke of York, the eminent telescope-maier, who also 
made these clocks, and rounded the stops <to make the 
unlocking easy ; ' which degraded it to an impulse escape- 
ment, the pallets being then driven away by the teeth 
with a force depending on the clock weight and friction 
of the train. 

The double three-legged esoapement (fig. 24 next 
page) is so called because it has two three-legged wheels, 
ABC and a b c, ia different planes, with one set of 
3 lifting pins between them. Here the two wheels must 
be squared on the arbor, and the lifting pins need only 
be shouldered between them. The pallets also lie in 
one plane between the wheels, but one stop S points 
forward to receive the A B C teeth, and the other S' 
backward to receive the a 6 c teeth alternately. The reason 
for two wheels is that with one three-legged wheel you 
cannot have the pallets far from upright, which is evidently 
the worst position for them, as it requires much more dead 
weight to be moved at every beat in order to have weight 
enough for effective impulse. It should be understood that 
there is no particular mechanical advantage in the two wheels 
being set with the alternate teeth equidistant, appearing like 
a six-legged wheel. They may be set with one set of legs at 
90° and 30** to the other set— or at any other angles to get 
any greater inclination of the pallets if desired. However the 
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equidistant arrangement is the natural one, and is generally 
used, though not invariably. I need hardly say that a pair of 
wheels of this kind are very different from a six-legged wheel, 
which would only move 30*^ at each beat, while this moves 
60^, besides other differences. 

In this case the distance of the pendulum top from the 
scape-wheel centre evidently = diameter of scape-wheel. The 
lifting pins should not be farther from the centre than a 36th 
of this, or the pallets have to be inconveniently light and 
thin : the pins and arbor may be solid as a three-leaved 
pinion. They should be so placed that the one which is 
holding up a pallet and the one which is going to lift next 
may be vertically over each other, the third being on a level 
with the centre — i.e., they will stand on the radii which form 
the acting faces of the teeth of one wheel, as you see here. 

This escapement is the best for large clocks, which must 
have plenty of superfluous force to drive the hands in all 
weathers (which superfluous force all reaches the pendulum 
in clocks of the old kind, varying immensely) ; but the fly 
must, on that account, be much larger in proportion 
than in regulators, and care must be taken in planning 
the clock to leave room for it. In the smallest turret clocks 
I have always had the fly a foot long altogether and i^ in. 
wide, and in large ones considerably more. When the fly 
is very large, as at Westminster, the friction of a spring on 
the arbor is not enough, and there must be a larger * roller * 
or blank- wheel pinned on the arbor for the spring to act on. 
At the same time it was very satisfactory to find that when 
the men had once forgotten to screw up the spring after 
doing something to the fly, the clock had never tripped in 
the days which had elapsed ; and I have tried the same 
experiment elsewhere ; but the four-legs will trip if the fly is 
loose. The greater obliquity of the pallets, 30'' against 22 j4% 
is the cause of this superiority of the three-legs ; and this 
obliquity may be increased still more if you like by altering 
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the relative position of the two scapewheels. Bat I by no 
means advise the omission of the fly, even then. 

In very large clocks the pallet tails are too thick to bend 
for adjustment of the beat, and then eccentric beat pins are 
nsed, which require no description. They are usually 
made of brass, even in small clocks ; but I think it would be 
better to cover them with hard wood. The finest clock of 
this kind I have seen was a regulator with four-legged escape- 
ment made by an amateur, Mr. George Salt, of Saltaire ; 
and it had ivory beat pins, which certainly had less chatter 
than brass ones. The pendulum weighed nearly 40 lbs., 
and yet the clock weight was only 15 lbs., with about 4 ft. 
fall. This shows that a gravity escapement really requires 
very little more force than a dead one with as good a train 
as possible, though practically I should always make the 
weight abundant. One thing must be specially attended to, 
as a distinction between these and dead escapements : the 
beat pins must on no account be touched with oil or grease 
of any kind, but left absolutely dry, whatever they are made 
of; for the slightest adhesion to the pendulum is fatal; though 
in dead escapements the fork should always have a drop of 
oil, to keep it as close as possible without being tight. More-*^ 
over, care should be taken to make one pallet begin to lifl I 
simultaneously with the resting of the other, and neither j 
before nor after. 

The best evidence of the performance of these escapements 
is the annual report of the largest of them all at Westminster, 
of which I shall have more to say afterwards.* My own have 
often gone for months together without any difference from 
Westminster for which I could venture to correct, or to 
regulate the pendulum. I have never found on close inquiry 
that the rate of thq very best dead escapement regulators 

* And I have read in the EnglUh Meehanie that one under the 
charge of Professor Waldo, of Yale College Observatory, had gone for 
leveral months on a rate of only '47 seo, (^ w^kt 
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approached that of Westminster and several other pnblio 
clocks of this kind, of which I have occasionally had reports. 
I have had accounts of some that had been altered from 
other escapements to this, with the effect of reducing errors 
of minutes to seconds. The last was from a gentleman 
who said that his turret clock, made from this book by a 
man who had never made one before, has a better rate 
than any astronomical clock he had ever known. 

CONSTRUCTION OF THE GOING PART OF CLOCKS. 

Fig. 25 (p. 134) shows the arrangement of the going part of 
a common regulator, or a house clock of superior character, 
except that the pendulum in a clock of that kind ought to be 
hung by a cock on the back of the case ; but I have already 
given a drawing showing that at p. 44 ; so I show another 
mode of suspension here. In the common recoil escapement 
clocks the pendulum only weighs a pound, or less, and is 
hung from a cock merely screwed to the back plate of the 
frame, which is a much weaker plan than this. Aa is one of 
the pallets on the arbor a, and E/ the crutch and fork ; 
which generally embraces the pendulum, but sometimes goes 
through it, especially when it is a wooden rod. The weight 
is not hung by the single line, but by a double line going 
through a pulley, sometimes in the weight itself, but more 
frequently hung to it by a hook. This prevents the string 
from untwisting, and enables you to do with a thinner string, 
and it requires a barrel of twice the diameter which a single 
string would, and that is worth something when the pivots 
of the barrel are as large as they usually are, of which I have 
spoken already at p. 84. But it must be remembered that 
every pulley in a machine, and especially every moveable 
pulley, wastes power very sensibly by the friction and stiff- 
ness of the rope, especially when the moving power is at the 
slow end of the system of ropes. Theoretically it makes no 
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difference whether a given weight with a given fall in a week 
IS hung by one rope without any pulleys or by half a dozen ; 
but practically you will find the weight has to be increased 
in a very high ratio for every additional pulley you add. 
You might soon reach a number at which no weight what- 
ever would do the required work, but would all be wasted in 
overcoming the friction and stiffness of the ropes. This 
remark is chiefly important with reference to turret clocks, 
since not one architect in a hundred ever consults a clock- 
maker before he plans either dial-holes or clock-room or 
place for the weights to fall, and then people think it is the 
clockmaker*s fault if the clock does not perform as well as if 
it had plenty of room for the weights to fall and other things 
to act properly. 

The barrel is fixed to its arbor, of which the back end is a 
common pivot, but the front is carried through to the dial K 
and is squared for the key to take hold of it. The great 
wheel G rides loose on the arbor between the barrel and a 
collar shown just above G, and it is connected with the 
barrel by the ratchet and click, of which a front view and 
description has been already given at page 2i. (There are 
in fact two ratchets B and r in fig. 25, but we need not 
inquire into the functions of the second at present : it will 
be explained at p. i49') The groat wheel G drives tho 
centre pinion c, which always turns in an hour, and its arbor 
goes through to the dial a.nd carries the minute hand in the 
way I will describe presently. The centre wheel drives 
the second pinion d, on whose arbor is a wheel D which 
drives the scapewheel E by its pinion e. In moderately good 
clocks the pinions have all generally 8 teeth or leaves, and 
the wheels in that case have 96, 64, and 60 tooth, if tho 
scapewheel turns in a minute as usual : in tho best clocks 
the pinions are occasionally as high as 16; Mr. Bloxam*8 
and Mr. Salt's are tho only ones I ever saw with higher 
numbers. Of tho scapo-whocl, pallets, and pcndolum, I 
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have said enough already. In the best clocks, and some- 
times in common ones, the scapewheel arbor comes through 
the dial and carries a seconds hand. 

Short clocks with half second pendulums are best made 
with a scapewheel of the usual number of 30 teeth, as 
either a large and heavy wheel, or teeth very closely set, are 
objectionable. In that case the scapewheel will of course 
turn twice in a minute, and the product of the numbers of 
the teeth of the centre and second wheels must = 120 X 
8x8 if the pinions are of 8, which is best satisfied by 96 
and 80. In very inferior clocks the scapewheel pinion is 
only 7, and then 84 and 80 teeth will do. The American 
clocks have lantern pinions, in which 6 pins are as good 
as 8 or 9 common teeth, and therefore the centre and 
second wheels need only have 72 and 60 teeth for a half- 
seconds pendulum. It is not worth while to go on with 
the calculation for ^ seconds pendulums or others, as the 
principle of it is perfectly obvious. 

Dial work. — If the minute hand were fixed rigidly to the 
centre arbor, the clock could never be altered ; and therefore 
the way in which it is fixed and yet alterable is this : there 
is a wheel M (in fig. 25) set on a hollow arbor or pipe which 
fits easily on the centre arbor, and has its own end squared 
for the hand to fit it. A small bent spring with a hole in the 
middle fits on the centre arbor, and the hole rests against a 
shoulder which is turned on the arbor just in front of the 
clock frame ; the ends of the spring press against the back 
of the wheel M when it is pressed back, as it is after the 
hand is put on, and it is kept there by a collar and a small 
pin put through the end of the centre arbor. 

And in this small matter there is room for a very common 
mistake : the hand is kept steady by the friction of this 
spring at one end and the collar at the other, and it will evi- 
dently be much steadier for the same amount of pressure if 
the spring fits the arbor tight, and so the friction is between 
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the ends of the spring and the back of the wheel, than if it 
is loose on the arbor, simply on account of the difference of 
leverage at which the friction acts when you turn the hand 
with your own finger. In mere regulators without any strik- 
ing part, this does not matter, because there is nothing to 
disturb the hand ; but when the wheel M, or the equal wheel 
N which is driven by it, has to lift a lever every hour to dis- 
charge the striking part, it matters a great deal, because a 
great deal more friction is then required to hold it in its 
place against the pressure of the lever ; and yet it seems to 
be the fashion in London to make the hole in the spring 
round instead of squaring it on to the arbor ; which would 
take about ten minutes to do. The consequence is that a 
clock will sometimes take to losing unaccountably in this 
way, which I only first discovered by seeing the minute 
hand gradually lag behind the seconds hand ; and that defect 
can only be permanently cured by making the spring very 
much stiffer than it need be if it is put on properly, i.e. with 
a square instead of a round hole. 

Over the minute-wheel M and its hollow arbor there is 
fixed a thing called the bridge, which is shown at M L (fig. 25), 
and has another pipe enclosing that of the wheel M but not 
touching it; and the hour- wheel H with another hollow 
arbor still larger rides upon the bridge pipe, and is driven by 
a pinion n of i-i2th its own number of teeth, which is fixed 
to the wheel N of the same number as M. That wheel N is 
generally set upon a stud or pin screwed into the front plate, 
but is better with pivots in the frame and a cock. The hour 
hand is set on the end of the hour- wheel socket either with 
a small screw or pins. The thing marked Y in front of 
the hour-wheel has nothing to do with the going part of 
the clock, but is the mail which regulates the number of 
hours struck by the striking part, as will be explained 
therewith. 

The hour hand in astronomical clocks generally has a 
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small circle to itself in the lower half of the dial, to prevent 
its hiding the seconds hand in the upper half, which it is 
important that an observer should always be able to see. 
Besides it moves with much less friction when so placed, as 
it then turns on a thin stud fixed on the front plate of the 
clock, instead of a very wide socket. It may either be 
driven by an intermediate wheel and pinion from the centre 
arbor, in order to make it go the right way round, or directly 
by the great wheel, which involves less friction and no in- 
convenience except the perfectly insignificant one of having 
to move the hour hand separately from the minute hand 
when you want to alter the clock much, which cannot hap- 
pen once a year in any good clock. 

Dial. — ^Two different ways of fixing a dial are shown in 
fig. 25, and both of them difi'erent from the common one, in 
which four separate pillars are screwed permanently into the 
dial and the other ends go through the front clock plate and 
are pinned behind it, the main pillars of the clock itself 
being only long enough to connect the two plates, and 
having nothing to do with the dial. Either of the two plans 
in the figure seems to me to be better than this, though it is' a 
matter of very little consequence. The dials of the best 
clocks are made of brass plates polished and silvered : the 
common ones are of sheet iron : the American and Dutch of 
wood. The hands are always of black steel in regulators, 
but in common clocks they are of brass gilt, which is a very 
bad colour on a white face, though very good on a black 
face. The same remark applies to watch faces. I never 
could understand how such an absurd thing as gold hands 
on white faces — and still worse on gilt faces — came into 
existence, especially as gold hands of that small size have 
not even the vulgar merit of being dearer than steel 
ones. 

Winding keys are generally made too short in the stalk 
or leverage, which makes the clock harder to wind and tends 
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to strain the arbor besides, as yon may see from considering 
that if the stalk was very short indeed, any force applied to 
it wonld be chiefly consumed in trying to bend the arbor. 
As there is absolutely no advantage in a short key, this is 
one of the many instances of doing wrong for the pleasure of 
it, when it would be quite as easy to do right and the effect 
much more pleasant. All my seconds pendulum clock keys 
are from 3 to 5 inches long, according to the weights. 
The French spring clocks without fusees, in which the wind- 
ing is very hard towards the end, have keys like a very 
large watch key or a piano-tuner, to prevent the strain 
upon the arbor. But this makes the winding a much longer 
operation and a very unpleasant one, as you have to stop 
at every half turn. ' Sometimes such keys are given with 
small English fusee clocks, for which there is no excuse. 
You should take care that the wood or ivory on the handle 
of a key is quite loose, or it increases the resistance mate- 
rially in winding. 

Tear cloclcs. — Clocks without striking parts are some- 
times made to go a month, and occasionally even a year. 
For a month they only require one more wheel and pinion 
with a multiplier of 4, between the centre and great wheels. 
Year clocks require 3 wheels below the centre, and the 
pinions ought to be of 10, 10 and la at least, on account of 
the great weight required, which will have to be still greater 
if the pinions are of low numbers. Assuming the clock to 
go 380 days, and the barrel to have 16 turns as usual, the 

product of the 3 wheels must == 3 O'24'^g-^o-io , for which 

100, 90, and 76 will be the best numbers. This is far better 
than trying to do it with only two wheels of 192 and 190 
(the lowest possible numbers), and pinions of o, in which 
the friction will be very much greater. The best way is to 
have two barrels and great wheels acting on one long pinion 
of 12, with the weight hung by the same stiing from both 
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barrels by a pulley which only turns while you are winding 
up ; and there must be a winding stop to each barrel. 

Clock cases are necessarily connected with the construc- 
tion of the clock. The old tall case with a base as big as 
the top, standing on the floor instead of screwed to the wall, 
is sufficiently exploded to require no more to be said against 
it. The case need be no longer than is required for the 
pendulum, as the weights can have 3 lines, or smaller barrels, 
or larger great wheels, of which the second is the worst. The 
weights themselves of course have to be half as heavy again 
as with the fell one half longer. The best case for a superior 
clock is one of which the front and sides take off together. 
There need be no door to the face, but only small brass or 
white metal shutters over winding holes in the plate glass 
front, which enables you to lock up the clock completely and 
leave anybody to wind it up. Ornamental case making I 
have nothing to do with, and it is not much of an exaggera- 
tion to say that the value of the inside of a clock generally 
varies inversely as the decoration of the outside. 

Moon dials. — ^There is an old calculation that if a pinion 
of 6 is put on the hour arbor of a clock — i.e, the centre 
one — and drives a wheel of 91 with a pinion of 9 on its 
arbor driving another wheel of 91 with a pinion of 37 driv- 
ing awheel of 171, that last wheel will turn in 29d. i2h. 
44m. 3*4S., which is only about half a second more than an 
average lunation. A pinion of 6 does very well for a driving 
one, though it is much too low a number for a driven pinion, 
except of the fly of the striking part. But if the centre 
pinion is 12 and the great wheel 182, those two will do for 
the first pair of such a lunar train. In that case, as the 
arbor of the great wheel must turn for winding, it would be 
necessary to fix the 37 wheel on the back of the great wheel, 
and let that drive either the 91 or the 171 as may be con- 
venient; for the order in which wheels and pinions are 
arranged is immaterial as to the velocity-ratio between 
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the first and the last. The common moon dials of old- 
fashioned clocks are only driven by a single tooth on the 
hour arbor driving a wheel of 59 teeth by jumps twice a 
day, leaving an error of 44 m« in a month, to be set right by 
hand every now and then. 

A simpler moon train, quite exact enough for this purpose, 
may be made by a pinion of 15 on a 24-hour wheel of the 
clock driving a 98 wheel with a pinion of 25 driving a wheel 
of 113, which will turn in 708*736 hours, which is only an 
excess of 7 seconds over one lunation of 708*73415 h., or 3 
minutes in 2 years, which would be quite imperceptible in 
any dial. But nobody seems to remember that no flat moon 
dial can possibly imitate more than one phase of the moon, 
either just half moon, or else the narrowest possible crescent ; 
for the tei^minator, or boundary of light and shade on the 
moon, is always a semi-ellipse, varying continually from 
the nearest visible approach to a semicircle down to a 
straight line and then back again. The only way in which 
real phases can be shown is by a globe half white or gilt and 
the other half black, turning on an axis in the plane of the 
dial in a hole just fitting the globe. And that only will look 
like the moon when seen right in front and from a con- 
siderable distance, as the moon is. Practically a vertical 
axis will do, though I need not say that the diameter which 
joins the * horns ' of the terminator is seldom quite upright, 
and sometimes leans a good deal either way (see my < As- 
tronomy,* p. 140 of 7th ed.). The axis must be turned by 
a bevelled wheel, of which half will come through the dial — 
or above, if you want to hide it. But all such contrivances 
are mere playthings, and show the moon's phases much less 
distinctly than an almanac. 

Day of tlie month dials have to be dealt vnth rather 
differently, because the move must take place only once in 
the 24 hours, at some time in the night. Consequently the 
wheel which carries either a small dial with figures showing 
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through a hole, or a hand pointing to figures, must have 
ratchet teeth driven hy a lever or click or tooth moved once 
a day. There must also be a slight spring or * jumper * some- 
where on the ratchet teeth to keep them exactly in the proper 
place for the click to catch next time. In the old-fashioned 
clocks the month wheel simply had 31 teeth, and you had to 
move it on by hand in February, April, June, September, and 
November. 




Fig. 26. 



I doubt if such clocks, however completely automatic, are 
really of much use , for this reason if for no other, that the figures 
of the day of the month are always too small to be seen at such 
a distance as clocks usually are when you are writing and 
want the date. Large cards, changed every day, are infi- 
nitely more used. Nevertheless, as the machinery is, or may 
be, much simpler than you would suppose beforehand, I may 
as well indicate the nature of it, on what seems to me the 
simplest of the various ways of doing it. But for the present 
foolish arrangement of months, which the world seems im- 
potent to set aside, we should only want six months of 30 
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days, and six of 31 in leap years, and in other years seven 
and five. But, as things are, we have fonr kinds of months 
to provide for. We must clearly have one wheel M with 31 
teeth, carrying a hand pointing to a month dial ; for that is 
much easier to see than numbers peeping through a hole, and 
it is enough to print every third number, except at last 28 — > 
30 — I. Then we want some contrivance to push on two 
teeth in April, June, September, and November, three in 
February in leap year, and four in other years. 

Let there be a 24hour wheel Day, which, by the 
pin at D moving on to d, will move the long lever CEFD so 
much to the right as will carry the horizontal click FG over 
the space of 4 teeth or pins of the month wheel, i.e. will 
drive that wheel 4 days forward. That provides for common 
Februaries. Then if the lever CD is stopped from going 
more than the space of one tooth of M back again at the end 
of the long months, as of other days, they also are provided 
for. It must fall back the space of two teeth at the common 
short months, and three teeth at the end of leaping Februaries. 
Several ways have been invented for doing this. The simplest 
is to have a four-year wheel, or disc Y, with 4 deep February 
notches in it at quadrants, into which a long tooth E, on the 
lever CED, can drop, and short notches for the 30-day 
months, and none for the long months, but the outside of the 
wheel Y is the space of one tooth off the tooth E generally. 

But we have to consider how the year wheel is to be 
moved at the end of every month, as it must be, and so as 
not to be held fast by the tooth E in any notch. I think the 
best way is to do it by another lever LNM on a stud in the 
clock frame at L, and a gathering click NE, which takes 
hold of one of the 48 pins in Y when that lever is lifted, and 
carries Y one step or month-space forward when the lever is 
dropped by the snail M just before the last move of the month 
is finished, or as the hand comes up to i. This divides the 
work of moving the two wheels and levers more uniformly 
than any other plan, besides making sure of the tooth E 
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being oat of a notch before the year wheel wants to move : 
not that it would signify on this plan if it were not, for then 
the lever LNM would only wait to drop. Each of the wheels 
wants a safety click or jumper, A, B, of the usual kind for 
such motions. I only put pins instead of ratchet teeth to M, 
because the click FG- will be safer not to slip out. 

The work might be simplified a little and the lifts made 
less, and the year wheel need only be a quarter of the size, 
if you will be content to move the month hand at the end of 
February by hand. A week dial is quite superfluous, and so 
I have not crowded the picture with one. It only wants a 
seven-star wheel by the side of the day wheel, one ray of 
the star being moved by the pin D after it has come to d and 
done its monthly work. It is desirable to distribute the 
work as much as possible. The month dial ought to be at 
least twice as large as in this drawing, to be seen easily. 

In any clock which has all this extra work to do, special 
care must be taken that the > motion ' wheels (or dial work) 
are held on the centre arbor by a squared spring, and a pretty 
strong one (see p. 136), or it is sure to slip and gradually 
drag, though the clock may be going right. 

Several persons have taken patents for clocks and watches 
showing the time by figures appearing through a hole in the 
dial instead of by hands. Not that there is anything new in 
that, except as to the machinery for doing of it. Days of 
the month were generally so done 100 years ago at least ; 
and my old regulator by Holmes, already mentioned at p. 62, 
shows the hours in that way. I do not profess to judge of 
public taste, but it seems to me that all such inventions pro- 
ceed on the fundamental mistake of supposing that we read 
the figures of a dial. We do nothing of the kind, but judge 
at once from the mere position of the hands and the well- 
known marks for the hours and minutes. In fact dials are 
better and clearer with no numbers at all, but merely 12 
large spots for the hours and five-minutes, and 48 small 
ones for the other minutes, as I have often convinced people 
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by asking them if they want such a dial as they see in 
several of my clocks. They always answer *Yes;' and 
then are much surprised to find no figures, bat only 
the 12 strong marks and 48 small ones. And the 
hands upon a dial, whether large or small, are more 
conspicuous than any figures which can be conveniently 
made to appear through a hole, especially if the hands are 
of the proper colour — i.e. black on a white or gilt dial, or 
gilt on a black one. 

Moreover, there is another objection to those 'chrono- 
scopic ' dials : the figure- discs must be driven discontinuously, 
or by jerks at the end of certain periods ; and if that is done 
directly by the watch, as in Barlow's patent of 1866, the 
strain on the wheels is so much greater at the short time of 
action, and especially when the units and tens of minutes and 
the hour all have to be changed at once, that it is impossible 
for such a watch to go well. Besides the mere work of 
moving the 3 discs, all from the 5-minute wheel of the train 
with different intermediate wheels, there are jumper springs 
to be moved too. Whether such watches have been ever 
made I do not know ; I have only read the specification. 

It was patented in 1869 for clocks in a more practicable 
form by Siddons and Meese, who brought me one to exa- 
mine. They have 3 cylinders, ABC, near together ; A 

with the ten digits 01 9 on its face for units of 

minutes, B with blank 12345 (blank being better than o 
there) twice over for the tens of minutes (maldng 12 spaces), 
and G with i up to 12 for the hours. An 8-minute wheel 
in the clock has 8 pins in it, which are always lifting a 
weighted lever, except at the moment when it drops from 
one pin to another. The lever has a pall * or click which 

* If this word has any etymology it clearly ^ould be spelt paUf 
not irom the pallium of an archbishop or a corpse, but from iroXXi^, to 
strike, the origin of pallet. * Paul ' or * pawl ' are mere nonsense, of 
the same order as the vulgar conversion of the expressive Yankee 
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first slips over and then brings down in falling one of lo 
ratchet teeth on the side of A, and so changes it from one 
figure to another. Whenever A changes from 9 to o it also 
moves on B one fignre by the usual contrivance of number- 
ing machines for railway tickets, bank-notes, and pages of 
ledgers ; and when B A change from 5 9 to blank o, B in 
like manner changes G one figure, B having 2 levers on its 
side corresponding to the two blanks. There are other 
details of minor importance in Siddons and Meese^s clocks, 
for which the patent has been transferred to Gillett and 
Bland, of the Steam Clock Factory at Croydon. 

As descriptions of the numbering machine are not 
easy to find, I had better give one, at least sufficient to 
illustrate its principle. Take first the simple case of 
only two wheels or cylinders set near together on the 
same axis, but loose, with the 10 digits engraved on their 
faces, one A for units and the other B for tens. A 
carries on its side a small bent lever which generally 
hangs loose, but at one place in the revolution, where A is 
changing from 9 to o, the lever has its tail caught by a fixed 
obstacle, and for that moment the other end of ihe lever 
cannot yield, but travels with its wheel. B has 10 pins on 
its side, and whenever the lever of A is in that condition it 
catches one of those pins and so drives on B one step, or 
changes it one figure. Then for the hundreds, B has a 
similar lever on its other side which changes a wheel C in 
like manner, and so on for as many figures as are wanted. 
In clocks the change of the lo-minute wheel has to be made 
after 5 so as to show o or a blank next, instead of after 9 as 
in numbering machines. 

Squation of time clocks. — ^A still more obsolete con* 

word bunkum, for bluster, into buncombe, for no other reason than because 
newspaper writers know there is a noble family of Duncombe, or the 
auctioneers' conversion of the site of a house into scite, which only 
•hows themselves to be insciti. 

h 
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trivance, but worth recordiog for the principle of its 
machinery, was that for making the hands of a clock show 
solar instead of mean time, at least in a rude and approxi- 
mate way, which I suppose was used in the French public 
clocks which did so up 
to the year 1826. Aa in ^^^' ^^' 

this figure is a bevelled 
wheel on the centre wheel 
arbor, which in this case 
is made to turn the 
wrong way round, and 
another equal bevelled 
wheel Bb rides upon it, 
with a hollow spindle bo 
to which the minute-hand 
is fixed. Between these 
two is another small 
bevelled wheel D of any 
size, which would merely 
reverse the motion, if it 
was set on a fixed spindle 
or arbor. But it is not, 
for it rides on the end of 
a bar or lever D E, which 
itself turns upon the centre 
arbor and has its end D 
beyond the wheel resting 
on a plate of the odd 
shape shown at Q^, which 
is fixed to the face of a 
wheel which turns in a 
year. Now if the lever D E, or the centre of the small wheel, 
is moved at any time in the same direction as the hand is 
going, it will evidently push it forward just twice as much as 
the lever itself is moved, and vice versa. If then the equation 
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plate Qq is on the right side of the clock-frame, the hand will 
go ah^ad ~of its mean motion whenever D drops helow the 
mean radius of the plate from the centre of the year wheel, 
and will &11 behind mean time when the protuberant parts 
of the plate are uppermost. The plate then may be so 
shaped as to make the advance and retardation of the hand 
agree with the * sun before clock ' and * sun after clock ' of 
the equation of time. 

There are two other ways of giving a secondary motion 
of this kind ; one, by substituting a common small wheel or 
pinion for the middle bevelled wheel, and putting it between 
Aa made as a common wheel, and Bb made as an internal 
wheel, i.e. vnih teeth inside its rim ; but in that caso you 
must remember that A and B will have different velocities, 
and therefore A must turn in less than the hour. The other 
method requires neither bevelled nor internal wheels, and is 
on the same principle as the one I shall describe more fully 
under train remontoires. 

Clocks for showing other celestial motions are mere 
curiosities, and are always getting out of order from their 
complication ; so I shall not waste time in describing them, 
but go on to something more practical. 

MAINTAINING POWERS OR GOING BARRELS. 

Winding up a clock evidently takes the action of the 
weight off the great wheel, and so the clock movement stops 
for the time, though the pendulum goes on swinging. This 
of course will not do in a clock of any accuracy, whether a 
large or a small one, and as the same methods of keeping 
the clock going (or some of them) are applied to both, I 
shall describe them all together here, except one. 

The oldest of them all is Huyghens's endless chain. In 
^g, 28 P in the * going wheel * is a pulley fixed to the 
great wheel of the going part, and having short spikes set in 
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it, or roaghened in some other way so as to prevent a rope 
or a chain hung over it from slipping. A similar pulley 
rides on another arbor p, which may be the arbor of the 
great wheel of the striking part, if the clock has one, and 
attached by a ratchet and click to that wheel, or to the 
clock-frame if there is no striking part. The weights are 
hung as you see, the 

little weight being ^''^'^^' 

only big enough to 
keep the string in 
the pulleys ; but the 
string or chain is 
much longer, or one 
at least of the weights 
is always lower down 
than I have been 
obliged to draw it 
here. If you pull 6, 
the loft hand of all 
the strings, down, 
the ratchet pulley 
moves under the 
click, and the great 
weight is pulled up 
by c, without taking 
its pressure oflf the 
going wheel at all. 
This plan was gene- 
rally used in the old 30 hour clocks, but went out with them, 
as the action of a chain or even a rope hung in that way is 
rough and uneven ; and moreover the pulleys must be of 
only half the usual diameter for the same time of going, 

Harrison's going barrel is the maintaining power used 
in all regulators now. The larger ratchet wheel r is the 
one designated by the same letter in fig. 25 (p. 134) ; and 
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the click R is fixed to that wheel, which is connected with 
the great wheel by a spring S S'. While the clock is going the 
weight acts on the great wheel G through the spring ; but as 
soon as you take off the weight by winding, the click Tr, 
whose pivots are set in the frame, prevents the great ratchet 

Fig. 29. 




from falling back, and so the spring still drives the great 
wheel during the time the clock takes to wind, especially as 
it need only just keep the escapement going, for the pendu- 
lum will take care of itself for that short time. The drop of 
the great click over the teeth of its ratchet may be heard 
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every 10 miiiates or so while the clock is going. Watches 
have the same apparatus, with a spring cHck. 

Bolt and shutter. — ^Another contrivance, which is now 
used only in large clocks, is an arhor with it weighted lever 
at one end of it, with a click in the form of a spring holt on 
another lever ; when the weighted arm is lifted up the click 
' takes into ' the teeth of some one of the train wheels, and the 
weight then keeps the clock going till it works itself out of 
gear in a few minutes and drops. The weighted lever is 
outside the clock and is made with a cap or shutter which 
shuts over the key-hole when it is down, to make sure of 
your lifting it before you begin winding. With the usual 
ingenuity for doing things wrong, this click is very often 
made not as a sliding bolt, but with a hinge, so that there is 
one position of the lever in which it jams against the teeth 
and stops the clock for good, unless the winding man finds 
it out and releases it, which he probably will not. Some- 
times too the click sticks and sometimes it slips, even if made 
rightly. There is another defect besides in the common 
bolt and shutter, viz. that it may work itself down and rest 
upon the winder or key before the winding is done if the 
man is slow about it, and then it does no good and the clock 
stops for the time. 

Improved bolt and shutter. — To prevent these evils, 
and to simplify the construction, I introduced the plan of 
substituting for the * bolt ' a segment D, in fig. 37, p. 183, 
of a small wheel suited to the teeth of the great wheel, and 
making the arbor C, which carries that and the shutter M, 
to pump in and out of gear, and the shutter not covering the 
key-hole, but made as a circular arc to the centre C, which 
all but touches the winder when it is on. The winder hal^ a 
ring, shown by the circle at M, fixed round its end, which 
prevents it from being put on until you have lifted the 
shutter, and put it into gear with the great wheel, to held 
it up. As you go on winding, the clock goes on and the 
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shatter doscends, now behind the ring, which secures yonr 
pulling it out of gear again when you take off the winder, 
and yet it will keep in action full lo minutes if left to work 
itself out. This plan is now generally used in superior 
large clocks. The weighted arm should be long, so as not 
to require a heavy weight to be lifted. 

I shall describe hereafter another totally different plan 
for keeping a very large clock going when the winding takes 
a long time ; but as the spring going barrel does very well 
for small clocks, and the improved bolt and shutter for any 
but a clock of quite unusual size, I shall postpone that 
description till we come to the Westminster dock. For the 
same reason I need not repeat the description of Sir G. Airy*s 
going barrel, which was applied to the Exchange clock, but 
is so expensive that it is certain never to be used again. . A 
full description of it was given by him in vol. 7 of the Cam- 
bridge Phil. Trans. The object of it was not only to keep 
the power always on the clock, but exactly the same power ; 
for the power of the spring falls below that of the weight, 
and that of the bolt and shutter doubles it just at the times 
of putting it on and taking it off; but that is of no conse- 
quence, except in a revolving pendulum clock, for which his 
apparatus was invented ; he afterwards simplified the con- 
struction, but it is still an expensive one, and the thing can 
be done at a tenth of the cost by the Westminster method 
without either loss or ^duplication offeree. 

There is another maintaining power which has a tempting 
and scientific look, but is not so good as it looks. A rim 
at the back of the great wheel, M (fig. 29), has internal 
teeth at A — troublesome things to make — and in them works 
awheel ABP on a stud B in the end of the barrel, and also 
in a pinion C fixed on the arbor which runs loose through 
the barrel ends. When you wind up you apply some force P 
to the intermediate wheel, and the same pressure P is com- 
municated to the great wheel because B P = B A, P being 
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whatever is necessary to lift the weight. Let W be the 
eflfective weight at A when the clock is going : at B it is 

CA _ W 

Fig. 30. W -^ = W; and P - — , since 

^y^^^S^ AP = 2AB.;.P = -lli^; which 

>/ ** \i 2 OB * 

£^ — xt ? \ H cannot possibly = W, however 

-o Yy ) Jfo) ^^^^ *^® winding pinion is, and if 

_^y^ jr^^ it is very small it takes a long time 

Jf to wind. So this .maintaining power 
Ssj^^^^^^;^ must be deficient, though it may do 

vw ^^^ clocks with the common escape- 

ments, which will go for a few 
minutes with very little power on. Besides Uiat, the wind- 
ing arbor has to work under double friction of the pressure 
of twice W, both above and below it. For all these reasons 
I have never adopted it, either for large or small clocks. 

Spring clocks. — Hitherto we have supposed all clocks 
to be kept going by a weight. But many clocks have no 
weight, but have a spring made of a long ribbon of steel 
coiled up in a barrel for their moving force. This construc- 
tion however belongs so peculiarly to watches that I shall 
defer the description of it till we come to them. I will only 
mention here that the French clocks, like French and Swiss 
watches, generally have the great wheel fixed to the barrel, 
which of course makes the force on the train unequal. In 
that case the barrel arbor goes loose through the barrel ends 
and is fixed to the inner end of the spring, and has also a 
strong ratchet squai'ed on to it, with a click on the clock 
frame, which holds it when you are not winding up. And a 
barrel of this kind is of itself a * going-barrel,* for it keeps 
the power on as much while you are winding as at other 
times — in fact rather more. English spring clocks always 
have a fusee with a chain, made as in the figure of a chrono- 
meter movement, which will be given in the chapter on 
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matches, to equalise the force on the train. I understand that 
this class of clocks is now sold more than any other English 
ones, with half-second pendulums, either in cases made to 
stand on a hracket or to hang up against a wall. 

American clocks. — There have heen great fluctuations 
in the quality of these clocks since they first came here ahove 
40 years ago, and there is now a great variety of them, and 
they are certainly cheaper than most if not all others of the 
same general quality. Their principal defect is in the light- 
ness of the pendulums. I have improved several of them 
by increasing its weight. The wheels and plates of the 
frame of these clocks are stamped out of sheet brass, and 
they contain several ingenious contrivances. They have 
advanced considerably in appearance at any rate since the 
original Sam Slick form; and, by the way, it seems 
that the original Samuel Slick was one Eli Terry, whose 
name ought to be preserved in a book on clock making. 
But even these new ones are equally defective in the 
weight of the pendulum, though they are longer; and 
yet I can hardly suppose that the makers of such clocks are 
as ignorant as a shopman here, who confidently assured me 
that the weight of pendulums is of no consequence! It 
would not cost a penny more to make them heavier. Some 
superior ornamental clocks and regulators appear to be made 
at the Howard watch and clock factory at Boston, U.S. I 
read lately in the English Mechanic that they make regu- 
lators as well as turret clocks with my gravity escapements, 
and that their own principal regulator has the four-legged 
escapement. 

The old-fashioned 'Dutch,* i.e. German, clocks, with 
wheels of boxwood driving lantern pinions of wire stuck in 
wood, have been in a great degree driven out by the Ameri- 
cans with their superior appearance. But a more ornamental 
kind of German clocks is now made, and I see in the 
Horological Journal of October, 1873, that there are now 
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nearly 3,000,000 clocks a year made in the £lack Forest 
* from the modest wooden clock up to the costly regulator/ 
and that there are 1429 clock manufacturers there, em- 
ploying, one way or another, 13,500 people. Many of these 
are called trumpet and cuckoo clocks, in which the sound is 
made hy a small pair of hellows, worked at every blow of 
what would ordinarily be the striking. The cuckoo is heard 
much fjEuiiher over a house than striking. I need hardly say 
that the bird who appears at an open window is only a pre« 
tender, and does not contain the bellows in his inside. 

Improved rrench docks. — ^The old-fashioned French 
chimney-piece clock, of which the form is well known, was 
generally inferior to the commonest Dutch clock as a time- 
keeper. But a very superior kind has been introduced of 
late, far better than anything made in this country for two 
or three times the price. They have the pin pallets made 
of jewels, described at p. 100, and good pendulums of fair 
weight for their size. They have also a peculiar means of 
putting themselves in beat if they require it ; for the pallets 
are set what is called ' spring tight ' on their arbor, i.e. 
embrace it with a spring collar which will yield under 
sufficient pressure, though tight enough to give the impulse 
to the pendulum. If one pallet happens to work too deep, 
from the clock being out of level, it reaches the bottom of 
the teeth, or perhaps even the slight recoil of the pin pallets 
against straight teeth is enough to push it back a little 
into equal beat with the other pallet. These clocks have 
also adopted the English, or 'repeating,' striking part, which 
will be described aiterwards. Every one knows that the 
old-fashioned French and German clocks oftener strike 
wrong than right, and are apt even to be set wrong in 
winding up the striking, which never happens with English 
or with the improved French ones. The ornamental English 
clock trade has ceased to exist, having been entirely driven 
out by these, and also by the 

Austrian olockSp with cases abopit 2j4 feet high, which 
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first appeared in our 1862 Exhibition. Their chief defect is 
the shortness of the arc of vibration, which makes them very 
sensitive to the least disturbance, not merely as to rate 
(as I showed at p. 93), bat even as to going at all. They 
generally strike the quarters in a peculiar, and, I think, very 
puzzling way, i,e, i, 2, 3, 4, on a single bell, and repeat- 
ing the hour at every quarter; so that from 12 to 5 you 
have no idea what the clock means to say. 

Self-winding Clocks have been made as long ago as the 
1 85 1 Exhibition. I have seen one by Mr. Horstmann, at 
Bath, with an endless chain made of a perforated wide watch- 
spring running over pins in the main wheel, and worked 
on the usual endless chain plan, but by a piston in a tube 
filled with naphtha, which expands and contracts with the 
temperature. I cannot say how far it is successful ; and such 
clocks are evidently of no real use. Sometimes one sees an 
independent pendulum swinging in the hand of a bronze 
lady, apparently motionless, on the top of a small clock ; 
but she really has a small twist at every beat in connection 
vdth the clock below, and that pendulum does nothing. 
Another curiosity sometimes exhibited is a balanced hand 
turning all alone on a glass dial. This is managed by a 
watch movement in the counterpoise, which tends to turn a 
weight inside it all round the watch in twelve hours. It is 
so poised that when the weight hangs at right angles to the 
hand it will lie horizontal, pointing to either III. or IX. 
When the weight is farthest from the centre, and therefore 
most effective, the hand must point upwards ; and when the 
weight is nearest the centre the hand preponderates and 
points downwards, and similarly at intermediate positions. 
The weight in fact always hangs downwards absolutely in 
the watch, and the hand relatively revolves round it. 

Water docks. — It is evident that a fiow of water may 
be made to drive a clock in various ways. A few years ago 
I was asked to see some water clocks in which the 
water came into a hollow spindle, and thence into four arms 
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radiadng from it. As each arm passed its lowest position it 
opened a cock in itself which discharged the water, and no 
more was allowed to enter from the hollow spindle until 
that arm came again to the top ; so that the descending 
arms were always weighted with water, and the ascending 
ones empty and light. In some cases the weight was 
increased by a bnlb or closed backet at the end of the arm ; 
and some of these were striking turret clocks, and they 
required very few wheels. Whether they ever came into 
use I do not know. I should think it would be difficult to 
keep the water from spoiling the rest of the machinery, and 
if such clocks require any attendance there would be no 
material saving over a common clock which requires 
winding. 

Electrical clocks, properly speaking, are clocks going 
by electricity, instead of by a weight wound up periodically ; 
but no such clocks have yet been invented capable of keeping 
as good time as the commonest weight clock. They may be 
divided into two classes. The first are those invented by 
Mr. Bain in 1840, modified more or less by other people, of 
which the principle was this : the pendulum bob is apparently 
a hollow brass cylinder, with the axis horizontal, and passing 
over two permanent magnets, without touching them, which 
are fixed to the clock case at one end, and nearly touch each 
other with opposite poles, which are marked N and S on 
the several magnets shown in fig. 32 (p. 160), omitting the 
upper set for the present. The cylinder really contains a 
long coil of insulated wire, of which the two ends run up to 
a pair of suspension springs, which make a complete galvanic 
circuit with wires somewhere connected with the poles of a 
battery, and capable of being ' broken.' The pendulum 
pushed a light sliding rod backwards and forwards, which 
made and broke contact. Whenever the circuit was complete 
there was attraction one way or the other between the 
magnets and the coil, and that attraction was enough to 
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maintain the swing of the pendnlnm against friction, and the 
work of driving the train which it also had to do. For the 
escapement was rather a ' propelment/ like the action of 
the pendulum on a common recoil escapement if you take 
off the weight,, for then the pendulum will drive the train 
the wrong way, which may of course be reversed. But 
these clocks never answered in any practical sense ; nor 
would anything but the strongest evidence, independent of 
the inventor, convince me that any independent pendulum 
directly maintained by electricity can succeed in keeping 
good time for any considerable period. 

Shepherd's clocks, by which it was announced that all the 
time of the 1851 Exhibition was to be kept, seemed more 
promising, but they soon failed totally there, and the time 
was kept by Dent's large clock, made from my design, now 
at King's Cross. In them the electricity was employed to 
lift a small gravity arm at every alternate beat, which gave 
the impulse to the pendulum by falling on a pallet like the 
down-pallet of a dead escapement, which had the advantage 
of giving a constant impulse when it gave any. But 
unfortunately it did not always lift. And any one who sets 
to work to invent electrical clocks must start with this 
axiom, that every now and then the electricity will fail to 
lift anything, however small : and if his clock does not 
provide for that, it will fail too. It is therefore unneces- 
sary to describe Shepherd's plan further now, as I did in 
former editions. 

The other class of so-called electrical clocks are those where 
a ' normal ' or governing weight-clock drives or controls other 
subordinate ones ; and these again may be either (i) a mere 
dial, or * motion-work,' driven by electricity attracting a lever 
which works an escapement ; this was Wheatstone's inven- 
tion, about the same time as Bain's : or (2) when the normal 
clock keeps up the motion of a pendulum which drives an 
escapement — ^Ritchie's plan ; or (3) Jones's, where the 
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normal clock controls the pendolum of a common and in- 
ferior kind of clock wound up as usual, the pendulum being 
of the same length as the normal one. I have placed them 
in mechanical, not historical, order. 

The first has never completely succeeded, and probably 
never will, from the cause already stated. Old Mr. Dent 
also tried at it for some time, but in vain. Mr. B. L. Jones, 
when manager of the Chester station about 30 years ago, 
hit upon the ingenious plan of controlling rather than at- 
tempting to drive a subordinate clock, by sending a current 
over its pendulum (in the same way as Bain*s) at every beat 
of the normal or governing clock. It does not matter if the 
current sometimes fails for a few seconds, or even minutes, 
unless the subordinate pendulum has time to get more than 
a whole beat wrong, in which case the error would be soon 
augmented into two when the connection was resumed, which 
is rather a serious evil ; and I understand this plan has been 
abandoned in some places which adopted it, 

Mr. Eiichie, of 25 Leith Street, Edinburgh, has gone a 
step farther, and is able to dispense with the winding of 
the subordinate clocks by making the normal clock drive 
subordinate pendulums, which drive the escapements, and 
will maintain themselves for a few beats if the electricity fails 
for that short time. This will evidently bear less of such 
failure than Joneses plan; but still it appears from suffi- 
cient experience and the testimony of the Astronomer Royal 
of Scotland and others, that it answers very well The con- 
struction of the escapement is a matter of some consequence. 
It is perfectly easy to drive a wheel and train by common 
recoil pallets, provided the wheel is good-natured enough 
always to stand still while the pallets are not moving it ; 
but not if the hands are subject to disturbance by wind; 
and the very smallest motion of the hands would make a 
large one of the scapewheel. Mr. Ritchie accordingly uses 
several forms of pallets designed to hold tlie wheel as well 
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as to drive it. The principle of them all is that of dividing 
them into two like the pallets of a gravity escapement, 
rising and falling with the pendulum. 

In this figure (31) the pendulum is returning from the 
extreme right, and has just deposited the right pallet, BF b, 
with its end pressing on the 
tooth at bj and so trying to 
turn the wheel that way. 
But it cannot turn until the 
pendulum has gone farther 
and lifted the left pallet 
which is now locking the 
wheel at G. As soon as it 
does that, the weight of B 
moves the wheel, and itself 
falls a little more until 
another tooth locks at F. 
Then the left pallet falls 
and presses on a tooth at 
a, hut cannot move the 
wheel until F is unlocked, 
and so on. In large clocks 
exposed to wind, a click is 
added to prevent the wheel 
from being blown backward 
by a force of wind greater 
than the weight of each 
pallet for the moment; it 
cannot be blown forward 
by reason of the stops F G. 
As the secondary clocks 
are kept in order by the 
normal one, they will bear 
a short or slow pendulum on 
the principle described at p. 41 ; and so a clock with a one or 
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even a two seconds pendulum can be comprised in the length 
of an ordinary half-seconds * dial,* as they call those veryshort 




Fig. 32. 

clocks, which look no bigger than their dials. Accordingly 
Mr. Bitchie makes these pendulums, as in this figure (32). 
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The lower half of the pendulum is rather longer than the 
upper, but both have bobs of wire coils in a cylinder, passing 
over a set of magnets as before described. The suspension is 
by two springs at S, as shown in the right hand part of this 
figure, which is the section across the plane of vibration ; 
and one is connected with one battery wire, and the other 
with the other, the pendulum itself being made with two 
rods ; and so the current goes down one and up the other, 
being reversed at each beat as before. In this way also a 
double attraction is got, as both bobs act in the same way. 
The small ball above the lower bob is for regulating the 
pendulum. The left hand figure is the front view^ 

This is taken in substance from a paper by Mr. Bitchie 
read to the Boyal Scottish Society of Arts in April 1873, 
and published separately. His clocks are in use in con- 
nection with the Liverpool Observatory, besides Edinburgh 
itself, and a variety of other places. The great objection 'to 
having all the clocks of any large establishment worked by 
only one is the possibility of all time coming to an end by 
any temporary failure of the one which * makes * the time 
of all. It would be prudent to have two normal clocks 
always ready to be connected with all the subordinate ones 
in case one has to be stopped ; and the normal clocks should 
be good ones capable of going without any control. 

When the last edition of this book was published, the 
Koyal Institution, which is a sort of head-quarters of 
electrical science, had just been converting all its clocks into 
electrical ones, not on any of the controlling plans, but on a 
driving one, by currents from a sort of small turret clock 
with a hollow electrical coil for a bob, swinging a very large 
arc over two permanent magnets. As I expected, and in- 
timated then, it turned out a failure, and was given up after 
a few years. 

Another controlling plan is Lund and Blookley*s, in which a 
A-shaped fork is brought down over the minute hand exactly 
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at the hour by electrical connection with a standard clock, so 
as to bring it to the time if it is a little oat either way. That 
requires a complete clock wound up and going as usual, only 
it need not go very well independently. There are also clocks 
driven by pneumatic connexion with a standard one ; but I 
have no authentic information about their success. 

Time baJls and gnns are let off by electrical connection 
with a normal clock which attracts an armature on a trigger 
which lets off the ball or fires the gun when the connection is 
completed by contact springs in the 12 or 24 hour wheel and 
the minute wheel simultaneously. In like manner the West- 
minster clock reports itself to Greenwich daily. A time ball 
is usually a large wicker globe covered with painted canvas, 
fixed to a piston which falls down into a bell-mouthed tube 
just air-tight enough for the air to act as an elastic cushion. 
It is hauled up by hand a few minutes before the time for 
falling. But these also sometimes fail like electrical clocks, 
and a better plan is to let a common strong clock electrically 
controlled discharge the ball or gun mechanically, just as it 
lets off a striking part. 

STRIKING CLOCKS. 

The simplest form of a striking clock is represented in 
fig. 33. It only strikes one at everj' hour, which is some- 
times more agreeable than striking the full hour, especially 
where you can easily see at once what the hour is. It is 
very seldom that anybody has to count the striking of a 
clock except in the night. Striking one requires n» striking 
part, or separate machinery to be wound up, the hammer 
being lifted by a snail (or sometimes, but worse, by a pin) 
on any wheel which turns in an hour, and dropped as the 
minute hand reaches the hour. It cannot be done however 
without affecting the friction of the clock, and therefore its 
rate, except with a gravity escapement or some equivalent 
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contrivance to prevent the inequality of force from reaching 
the pendulum ; and the remark I made at page 135 ahout 
the importance of fitting the dial spring on to the centre 
arbor with a square instead of a round hole, applies still 
more strongly here, as the friction of that spring has to over- 
Fig- ZZ- 




come the resistance of the hammer spring. The short spring 
against which the hammer shank falls is to prevent it from 
jarring on the bell, and this is necessary in every case both 
in large and small clocks, unless some other contrivance is 
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resorted to for the same purpose, such as I shall speak of 
under turret clocks. In common clocks this check is given 
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in a simpler way, as shown in fig. 34, where the square top 
of the stiff spring S batts against the square piece on the 
hammer shank, whose own elasticity lets the hammer strike 
the bell and then pulls it back again just out of contact. A 
piece of vulcanised India rubber tied round the pillar also 
answers very well. 

This figure is a front view of the common construction of 
an English striking clock : the foreign ones are different, as 
I will explain presently. The wheels shown only by circles 
(with a few of the scapewheel teeth) are within the frame ; 
only those with teeth are outside, and they are indicated by 
the same letters as in p. i34. The hammer tail is raised by 
8 pins in the second wheel of the striking train, which cor- 
responds to the centre wheel of the going train. The pinion 
of that wheel generally has 8 leaves, and is driven by the 
great wheel of 78, which therefore turns in 1 3 hours ; not 
that that is at all material, and of course higher numbers 
would be better. The striking wheel drives the wheel 
above it once round for each blow, and that wheel drives a 
fourth (in which you see a pin P) six or any integral number 
of turns for one of the third wheel, and the fourth wheel 
drives a fly to moderate the velocity of the train and the 
time of striking. 

The number of blows to be struck is regulated thus : the 
dial- wheel N has a pin on its face which raises the lifting 
piece L N F a little before the hour, just far enough for it to 
lift the long click C out of the teeth of the rack BKB,Y, 
which then falls back (helped by a spring at its tail) as far 
as the tail V can go by reason of the position of the snail Y 
on the hour-hand wheel H ; which has steps in it, one for each 
hour, so as to let the rack fall the distance of one of its own 
teeth for every hour the clock ought to strike. This fall of 
the rack makes the noise called warning a few minutes 
before the clock strikes. The reason why it cannot begin to 
btrike yet is that the pin P cannot pass a stop which is 



1 66 BEPEATING STBIEING WORK. 

turned inwards from the lifting piece, through a large hole 
in the frame, until that piece drops again, which it does 
exactly at the hour hy the advance of the pin in wheel N. 
Then the striking train is free, and that little piece EG, 
called the gathering pallet, which is squared on to the pro- 
longed arhor of the third wheel, gathers up the teeth of the 
rack, one for each blow of the hammer : the click is lifted as 
each tooth passes, and prevents the rack from falling again, 
and at last all the teeth are gathered up and the tail of the 
pallet is stopped by the large pin E in the top of the rack, 
and the train can go no further. 

The great feature of this English striking work is that you 
may * strike ' the clock as often as you like within the hour, 
or stop it any number of hours, and yet it will always strike 
right, because the striking depends on the position of the 
snail attached to the going part, and not at all on the number 
last struck. These clocks are therefore sometimes famished 
with a string to the outside, from the click, so that you can 
pull it in the night and hear the hour. But this is just the 
wrong way of doing it : for if you hold the string too long 
the click will miss some of the teeth and the clock strike too 
many, and if you drop it too suddenly the rack will not 
have fallen its full distance and it will strike too few. The 
right place therefore to put the string is to the lifting piece, 
as at F. (The piece Q^ belongs to something else which I 
shall speak of presently.) 

The improved French clocks, whose escapement I noticed 
at p. 154, have a better mode of stopping the striking than 
the usual one in English house clocks : the better one is used 
in our turret clocks when they have the rack movement. 
Instead of the gathering pallet G (fig. 32) on the third wheel 
of the train being stopped by a pin in the tail of the rack 
with a heavy blow, the striking is stopped by the pin P in 
the fourth wheel coming against a stop in the long click 0, 
which drops into a deeper notch in the rack than the others 
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at the last blow of the hour, and so falls low enough to catch 
that pin. 

Strike aaid silent. — There are several ways of throwing 
the striking work out of gear, so as to keep the clock silent. 
I think the best, though not the usual one, is that shown in 
fig* 32) a small lever whose end x falls before and stops a 
pin in the rack when the other end of the lever is put up to 
$i by an index or handle coming through the edge of the 
dial. I have seen methods used which are very likely to 
stop the going as well as the striking of the clock by leaving 
the rack to fall. Another way is to make the piece L N F 
push forward so as to escape the pin at N, and be never 
lifted ; and this is unobjectionable. 

It may save people a little time if I tell them what hardly 
anybody seems to know, that you may move the hands of an 
English clock forward through all the hours without waiting 
for any of them to strike, except 13, where the rack-tail has 
to get over the great step in the snail ; and even that is 
often provided for by sloping the front of that step and the 
face of the pin Y , to let the snail push it aside, the tail being 
elastic enough to give way a little. In the same way the 
tail of the lifting piece at N is always twisted a little to let 
the lifting pin pass it backwards without lifting, so that you 
may turn the hands back and the clock will not strike at all, 
unless it has already given warning. The snail is sometimes 
set on a separate wheel below the hour- wheel and moved by 
jumps by a pin in the minute-wheel M ; this is called the 
star wheel and jumper ; but I can see no use in it, and there- 
fore shall describe it no further. 

Locldng-plate 8tri]dng work. — The principle of the 
striking work still used in most foreign clocks, French, Ger- 
man, and American, is shown in fig. 35 (p. 168), though the 
actual arrangement of the pieces may be different. It is 
generally used also in English turret clocks. You see the 
rack and its click are gone, and instead there is a wheel Y 
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called the locking plate or count wheel, which turns in the 
Fig. 35. 




12 hours, and may therefore be put on the arbor of the 
great striking wheel, or driven by the pinion of the striking 
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wheel. It may be considered as marked out into 78 divi- 
sionSy and notches made in it at the distances i» 2, 3, &c., 
into which a lever Q can drop, which is connected with 
the lifting piece. That is generally made with two stops 
upon it, one a little behind and below the otheV; or else 
there are two levers, one lifted by the other, with the stops 
upon them respectively ; and the pin P in the pin-wheel, or 
in large clocks, on the fly arbor, stops against the first when 
the clock has done striking, and against the other when the 
lifting piece is lifted by the wheel N in the dial work. But I 
introduced an alteration in this respect in turret clocks, 
because one of the stops on the leyer must be out of the 
right position for direct action of the pin. Instead of two 
stops on the lever, there are two pins on the wheel, P and p, 
one a little behind and nearer the centre of the wheel than 
the other, and p is caught by the stop when it has been lifted 
high enough to let P escape and * give warning.' 

There is, or ought to be, a disc C with a notch or cam 
in it on the arbor of the third wheel, which turns once for 
each 6I0W, and so moves faster than the locking plate, and 
therefore is more certain to lift the lifting piece quite out of 
the way of both pins before the pin- wheel gets once round ; 
otherwise the clock might be, and clocks without this cam 
sometimes are, prevented from striking at all, especially if 
the parts are not adjusted with great precision. The lifting 
piece evidently cannot fall again until another notch in the 
locking plate comes under the tooth Q. Sometimes the 
lifting piece L N is made in two pieces, one lifting the 
other, but I see no lidvantage in it, except where the pivot 
C happens to be at an inconvenient distance from the locking 
plate. In turret clocks with three-wheeled trains it is 
generally more convenient to make the wheel C turn only 
half round for each blow, and then there must be two cams 
or two drops in the disc, as shown in the view of a large 
quarter clock at p. 196. 
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Half-hour striking. — For striking one no lift by the 
locking plate itf required, but only a long notch reaching 
from 12 to 2 ; and for the same reason the clock can be 
made to strike one at the half hours by dividing the locking 
plate into 90 (= 78 + 12) and leaving a wide notch between 
every two hours, and putting a half-hour pin into the wheel 
N (fig. 32) besides the hour one. Most of the French clocks 
are so made ; but they have the inconvenience of striking 
one three times between 12 and 2; so that between those 
hours the striking tells you nothing. I once saw a turret 
clock made to strike one feebly on a smaller bell, from the 
going part, as shown at page 163, which gravity escapement 
clocks will bear, though not others. It was not satisfactory, 
and led me to devise the following plan. 

To make i2j^ and i}4 silent, with the locking plate 
movement, we evidently want something which will stop 
the lifting piece, L N in fig. 37 (p. 183) of a clock of this 
kind, from falling after it has been lifted to give warning, 
until the next hour. And the way to do that is to have a 
12-hour wheel (the one with 24 ratchet teeth in fig. 37) 
with two steps in it, as you see, which come under the 
tongue of the lifting piece just over that wheel at those two 
half hours. The best way to drive it is by a gathering pin 
or single tooth, which is shown in the hour wheel marked 
40, and which moves the ratchet wheel one tooth just after 
warning. There is also a spring click or jumper to keep It 
in its place, which wheels driven in that way always require, 
to make sure of the gathering tooth taking them up again. 
But another thing has to be attended to. The locking plate, 
instead of having 78 teeth or spaces, as when there are no 
half hours, or 90, as when all the half hours strike, must 
have 88, and each notch must again be wide enough for 
striking one, only it must be divided as if there were no half, 
past twelve or one, for one o'clock is the same as one half 
hour between twelve and two. 
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Half-hours with Back Movement. — ^I have never 
seen this in any English clock. Indeed the English house 
clock-makers seem determined to lose every bit of the trade 
rather than allow any single improvement to be made here, 
and so they are losing more and more yearly. The modern 
French arrangement of the rack movement has the rack 
above the ' motion ' or dial wheels, acting by gravity without 
a spring, and the striking is stopped by the long click drop- 
ping lower at the end of the rack than it does in the teeth, 
and low enough to catch a pin in the third wheel, instead of 
the gathering pallet being stopped by a pin in the rack and 
always tending to force it back. Half hours are struck by a 
separate lever being brought under a pin anywhere on the 
rack allowing it to fall one tooth only, the lifting piece being 
of course lifted by a second pin in the hour wheel at the half 
hours. In order to stop the striking at 12;^ and i}i there 
would have to be a 12-hour wheel with 2 steps or long teeth, 
as before described, to prevent either the rack or the lifting 
piece from falling, whichever might be most convenient. 
But this is not of so much use in small clocks standing in a 
room, when you can look up and see whether it means one 
o'clock or not, as in large ones, where it is a great con- 
venience, and saves the much greater cost of quarters with 
the two more bells. It would never do to have a turret 
clock striking the hours on one of the quarter bells, as it 
would produce frequent confusion when they are heard at 
such a distance that people would not be sure whether they 
heard the smaller bell or not. It was done for some months 
at Westminster by the genii who managed and advised things 
there, as will be noticed afterwards. When Mears's Big 
Ben n. cracked enough to spoil the sound, but no more, 
they stopped the striking of the hours on him, and had them 
struck on the fourth quarter bell, until I got the confusion 
that it caused noticed in the newspapers, and then they 
resumed striking on the great bell with a much lighter 
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hammer, vrhidb is there still. And for fear that should knock 
a piece oat of it, like the one in the famous broken bell of 
Moscow, they put a huge wooden tea-tray under it to catch 
the piece, and there it is to this day, with a hole in the 
middle for the clapper * tail to come through,* which reminds 
one of a celebrated poem of either Southey or Porson, for it 
is attributed to both. 

The locking plate stiiking is specially objectionable for 
moveable clocks, and for any that are liable to run down 
for want of winding, like the American ones ; because il 
the striking once gets wrong, or stopped from not winding 
up, or let off by accident, or the clock stopped by house- 
maids, it strikes wrong afterwards, until it is struck round 
to the right hour again. The American clocks have a wire 
specially provided for this purpose, but the French have not, 
and you have to put your finger in behind the left side of 
the clock and lift the lever you will feel there, to make it 
strike as often as is necessary to bring it right ; which is a 
great nuisance, and in some cases almost or quite an 
impossibility. Striking on springs is a bad imitation of a 
large bell, and is very inferior to a common bell, except 
when heard very near. 

Qnarters. — If the clock is to strike the quarters, a third 
* part ' or train of wheels is added on the right side of the 
going part, with as many bells and hammers as may be 
required. There is indeed a method of making the same 
striking part do both for the hours and quarters, by sliding 
the hour hammer tail out of gear vnth the pins, and the 
quarter hammer tails into gear, and vice versa; but it 
saves very little in cost, and is very seldom used ; and 
it requires a much heavier weight or stronger spring, and 
Bti'onger wheels, if it is to be done effectively. In that case 
there can be no quarters at the hour ; but that is of no con- 
sequence, and perhaps rather an advantage with ding dong 
quarters. The construction of a quarter part is substantially 
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the same as of tho hour striking part. If there are only 2 
bells, the 2 hammers are lifted by pins on each side of the 
striking wheel, or they may be the same pins if the arbor of 
one hammer is put above that of the other. They should 
be so placed that the interval between each pair of blows, or 
each chime, is twice that between the blows of each chime, 
whether there are 2 or 4 bells. When there are more, the 
interval between each chime requires to be as much as 3 
spaces instead of 2. When there are more than 2 bells the 
hammers are worked by a chime barrel, because the chimes 
are not generally the same thing repeated, as they are 
with ding dong quarters. But this belongs more to turret 
clocks, under which I shall go more fully into it. The 
chime barrel is generally put on the third wheel, but it would 
require less force to turn it on the second, for the reason 
I gave before, that the more wheels there are between a slow 
power and a quick work, the more is lost in friction, in a pro- 
portion beyond what anybody would expect. As the barrel 
naturally turns in an hour, the proportion of the pinion and 
great wheel would be just the same as in the going part. 

The quarters may be let off either by the English 
repeating method, or by the French locking plate. If they 
are merely the same chime repeated 2, 3, and 4 times, the 
repeating movement should be used, as it has the same 
advantage as in the hour striking part. But if each quarter 
is a different tune, it should not be used, because repeating 
the striking of the quarters in that case will throw the whole 
tune into confusion; though this plain distinction is often 
overlooked. The connection between the two striking parts, 
when the quarters have the locking plate, is made by that 
wheel performing the function of the wheel N in figs. 34, 35, 
in discharging the hour, as the 4th quarter finishes. 

The repeating qua*rter movement is not so simple : the 
principle of it is this : — The quarters have a rack, snail, &c., 
just like the hours, the snail being fixed on the wheel N so 
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as to turn in the hour, and with 4 steps instead of 12 (see 
p. 164). The rack is so placed that when it falls for the 4th 
quarter (its greatest drop) it falls against the hour lifting 
piece somewhere between and N, so as to raise it and 
the click C. It is then held np by the lever marked Q^ 
catching hold of the pin close by it, and as the last tooth 
of the quarter rack is gathered np it pushes Q^ aside again, 
which lets the lifting piece drop and the hour begin to strike. 

There is a very simple construction of a clock for striking 
repetition quarters only, when it is wanted in the night, by 
pulling a string which goes round a spring barrel, and so 
winds it up as far as it is allowed to go by the position of 
the quarter snail on the going part, which stops some pin or 
lever connected with the barrel. This may be easily made 
to indicate half quarters ; for if there are 8 steps in the snail, 
then at about 50 min. past the hour the lever could go 
7 depths and the clock would strike 3 ding dongs and one 
bell more ; and it may either begin or end by letting oflf the 
hour. This construction is in substance that of repeater 
watches, of which the striking part is both wound up and 
let off by pushing in the handle. 

Quarters — Tunes. — ^By this I mean chimes not merely 
repeated. And as these clocks for halls and rooms have 
come much more into fashion since the Westminster chimes 
were heard, I will give a picture of the construction I 
arranged for them in a clock of my own before I designed 
that clock, and which was followed in several others made 
by old Mr. Dent and afterwards by other makers. The chime 
tunes themselves I shall leave till we come to turret clocks. 
Y, the locking plate, is fixed on the arbor of the second wheel, 
which turns once in an hour, driving the chime barrel marked 
50 for Westminster chimes, as will be explained afterwards. 
For the present it is enough to say that it turns twice in the 
hour, making 10 chimes, but the fourth and first quarters 
together are the same as the second and third together, and 
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therefore it is not necessary to have a harrel with 10 different 
sets of pins on it, but only 5. The wheel on its end there- 
fore has 50 teeth, and is driven by the second wheel of the 
train, of 100, which also drives a pinion of 10 on the third 
wheel, which consequently turns once for each chime of 
4 bells. That wheel also has two pins in it, P and F, 
P being rather nearer the centre, and they are alternately 
stopped by the piece at L projecting sideways from the 
lifting detent LON, of which the arbor is carried in cocks 
from the frame, as you see, its arm OQG being in front of 
the front plate of the clock and OL inside, near the back 
plate where the third wheel is. The chime barrel is also 
really set in cocks, not in the solid frame, in order that 
it may be adjusted as to its teeth after the clock is put 
together, which often saves a great deal of trouble, but it 
would confuse the figure to show them here. The fly should 
be longer than will go inside the frame, to clear the arbor 
below it, and that also is set in a long cock behind. 

The action is extremely simple. The 4 pins in the hour 
wheel N lift the long detent a little before each quarter, and 
then the pin F slips under the stop L, which then catches 
P, the wheel moving on a very little. At the quarter the 
detent drops off N, and before the third wheel or its pins 
come round again the locking plate has lifted the detent by 
the inclined edges of its notches, such as Q, so high that both 
pins clear the stop L ; the motion of the locking plate here 
being much greater than in an hour striking plate like fig. 
35 and figs. 37, 40 afterwards, where consequently a cam 
wheel turning faster is required to make the lifting safe. 
The locking plate keeps up the detent for i, 2, 3, or 4 chimes 
as required, and you see that by this method they can never 
get mixed, as they can with the repetition or rack movement. 
If they have got to strike wrong they only want * striking 
round' till they are right again, and that is easily done 
thus. You see the right-angled lever BAD, with Si and 8t, 
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for silent and stnke, against two pins in the frame. When 
you lift the tail D to Si the bevelled end B lifts the detent by 
a pin in it, jast enough to 'give warning/ and it cannot fali 
again. But when you bring it down again to St the detent 
does fall and the quarters strike whatever the locking plate 
is ready for, which lets you know whether they require 
more * striking on ' to set them right. 

But we have still to let off the hour striking. In large 
clocks that is best done independently, as we shall see ; but 
in small ones it is done by the end of the detent being 
raised by the snail kind of rise at Y in the locking plate 
as the fourth quarter finishes, which lifts C, the rack 
click of the striking part (see fig. 34). That is one way of 
doing it. Another, which I designed for a later clock of my 
own, allows the hours to strike even if the quarters are 
silenced, by retaining the usual lifting piece of the hours 
(which in the former plan is gone) and making the quarter 
detent stop it from falling again till the quarters are done — if 
they are in action ; if not it simply does nothing. The 
quarters are silenced by pressing a spring against the side of 
the fourth wheel, by a slider at the edge of the dial. 

Alarnms. — If you suppose a short hammer instead of a 
pendulum fixed to the pallet arbor or the crutch of either 
kind of recoil escapement, it would swing backwards and 
forwards very quickly, and strike both sides of a bell of 
proper size placed so as to inclose the hammer. This is the 
way an alarum strikes, and not by the lifting of a hammer at 
distinct intervals. The hammer is driven by a wheel like a 
strong recoil crown escapement wheel (p. 28) with a spiked 
pulley or barrel attached to it by a ratchet and click, over 
which a rope goes, with a small weight at one end, and a 
smaller one at the other to keep the rope stretched and to wind 
it up by. The alarum can only go when a stop lever is lifted 
by a pin on a collar which is fixed on the hour hand wheel 
by a friction spring, so that it can be set te go off at any houx 

N 
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you like. You must not wind it up till within 12 hours of 
the time it is intended to go off, or it will go 12 hours too 
soon. 

Tell-tale clock. — ^This is said in one of the Parliamentary 
papers about the Westminster clock to be an invention of 
Mr. Whitehurst of Derby, for watching watchmen and telling 
whether they are on the watch and in the proper place all 
the night. That unpleasant little clock which one hears 
striking the quarters 3 or even 4 times in some Westminster 
Abbey sermons, is of this kind, and there are some in 
the lobbies of the Houses of Parliament. There are a set of 
spikes sliding in holes in a 24 hour dial, one for every 
quarter of an hour, which can be pushed in by pulling a 
handle in the clock case during a few minutes of that quarter 
only. So if any pin is found sticking out in the morning it 
indicates that the watchman was either asleep or away at 
the time belonging to that pin. The plate carries the inner 
ends of the pins over an inclined plate or roller at some other 
period of the 24 hours, which pushes them all out again 
ready for work the next night. 

musical clocks. — Clocks that play tunes — not short 
quarter chimes, but tunes of several minutes, either on bells 
or organ pipes, are not clocks in respect of their music, but 
simply musical boxes or barrel organs turned by an inde- 
pendent spring or weight and let off at the required time by 
a lever from the clock. I shall speak of chimes on church 
bells farther on. And nothing else occurs to me as 
belonging to small or house clocks of sufficient use or 
importance to require notice. So I pass on to the larger 
branch of the art, which has been the subject of greater 
improvements within the last 30 years than in the previous 
century, and has reached a degree of accuracy equal to thai 
of the best astronomical clocks, and superior to that of 
chronometers, and that not only vrithout an increase, but 
with a great reduction in the price. 
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CHURCH OR TURRET CLOCKS. 

It may be supposed that as the work of these clocks only 
differs &om that of house clocks In the size of the hands 
and the weight of the hammers they have to move, you 
have only to enlarge the machinery and the business is done. 
But there is a very important fact in the way of that 
conclusion: viz., that as you increase the strength of 
machinery you increase its weight in a ratio as much higher 
as the. cube is higher than the square of any of its 
dimensions; and when you increase weight you increase 
friction, and friction is a word which ought never to be long 
out of the mind of a clockmaker, or at least of a clock- 
designer, inasmuch as the timekeeping part of a clock is the 
only machine whose sole business is to overcome its own 
friction, resistance of the air, and variations of heat, and to 
do that in a constant and uniform manner. And there is 
this further difference between large and small clocks : in 
small ones the force or weight required to work a hammer 
of an ounce or two is generally about the same as is required 
to keep the pendulum going, and so the two * parts ' or 
trains are about equal in strength ; whereas in large clocks 
the lifting of the hammer generally requires a great deal 
more power than driving the hands and pendulum, and there- 
fore ought to have much heavier and stronger machinery. 
Nevertheless the object o.' some clockmakers seems to be to 
make the going train of large clocks as heavy and the 
striking train as light as they can. 

Fendulnm. — I have already treated of pendulums for 
large as well as small clocks at considerable length, and 
there is little to add with reference to large clocks only. I 
will only repeat that the construction and suspension of the 
pendulum are of primary importance. 

The great majority of clockmakers, till lately, set their 
{aces against compensated pendulums, and used nothing but 
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wooden ones. And so long as the clocks themselves are no 
better than they are, it would undoubtedly be a waste of 
money to compensate the pendulums, as the escapement 
errors will far exceed the temperature one. But when you 
have got a first-rate clock in other respects, it is absurd to 
prevent it from going accurately by not giving it a pen- 
dulum without which it cannot keep the same rate in hot 
and cold weather. It is true that a 2 seconds, or even a 
I }^ second compensated heavy pendulum,' is a rather expen- 
sive affair if well made ; and with a common dead escape- 
ment probably the advantage is on the whole in favour of a 
13 ft. wood pendulum of 3 cwt. over a 5 ft. compensated 
one of half the weight, which will enable a clock vidth such 
an escapement as I shall describe to keep within a second a 
week of Greenwich time. The fashion of extravagantly 
long pendulums has very properly gone out, as their 
inconvenience and liability to be affected by the wind over- 
balances any advantage from them in a moderately good 
clock. There were several in Yorkshire until lately as long 
as 56 feet, or 4 seconds: 20 feet = 2^ seconds, which old 
Doncaster church had, is the utmost length I should allow ; 
and I gave the calculations for a cheap form of compensated 
pendulum of that length at p. 6i. 

Position of clock. — The worst of all positions for a large 
clock is the usual one, on a stool on the upper floor of a 
tower, for the reason I have already given at p. 93. The 
best is on stone corbels built deep into the wall. The 
Westminster clock lies on independent walls, which of course 
are stronger still. Where this cannot be done, cast iron 
brackets bolted through the wall will do, or iron beams 
across the room if it is not very wide. Wooden beams are 
not to be trusted. When the clock is fixed as firmly as 
this, the pendulum may be hung from the clock frame, if 
that is itself strong enough, and the pendulum cock properly 
fixed to it, or cast with it, though the wall is generally to be 
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preferred for a long and heavy pendnlam, if the clock stands 
near enough to it. But again it is inconvenient to have a 
very large clock so close to the wall that a man cannot get 
some access to it from behind. Therefore no general rule 
can be laid down for the fixing of turret clocks, except that 
firmness is the first consideration, to which everything else 
must give way according to the circumstances of the tower. 
I' have already mentioned at p. 93 the increase of arc caused 
ny hanging a heavy pendulum from the wall instead of a 
ystrong wooden frame from the ground ; and as the escape- 
ment errors vary inversely as the cube of the arc, the clock 
should go more than twice as well with the firmer suspen- 
sion ; and in fact it does. 

Frame. — The old established form of clock firame was a 
sort of cage of vertical and horizontal bars, some of which 
contain the bushes for the pivots of the wheels, and have to 
be unscrewed from the principal bars in order to get any of 
the wheels out. It was a great improvement on this to fix 
the bushes themselves with screws instead of riveting them 
into the bars, as it enabled the wheels to be taken out 
separately, instead of all dropping loose at once and perhaps 
bending their back pivots as soon as the front bar was 
taken oflf. Mr, Vulliamy introduced this plan, and old Mr. 
Dent used it in the Exchange clock, of which a perspective 
view is given in Tomlinson's Cyclopaedia under Horology, 
But he soon afterwards adopted a still better arrangement, 
borrowed in principle from the French, who were strangely 
ahead of us in this branch of clockmaking, until shortly be- 
fore the 1 85 1 Exhibition. 

The French clockmakers are entitled to the credit of 
having introduced the horizontal frame cast in one piece, 
with the great wheel set in bushes or cocks below it, and the 
smaller wheels above in separate frames of the A shape 
bolted to the great one. But much more has been done 
since that. Dent's clock, with a spring remontoire, which I 
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designed for him for the 1851 Exhibition, where it kept better 
time than had ever been attained before, for nearly 6 months, 
will be described afterwards, thongh even that has been 
superseded by the Simpler and stronger construction of the 
gravity escapement clocks. I will now describe a moderate- 
sized turret clock of that kind, for a bell np to 5 or 6 cwt., 
and therefore only needing the striking part vending once a 
week, which will not do for large ones, and striking one at 
the ten proper half-hours as before described. This was 
made for a clock-tower of my house by Mr. Joyce, of Whit- 
church, Salop, the maker of the great Worcester Cathedral 
clock, striking on a 4>^-ton bell, and a vast number of 
smaller clocks. I ought to mention at the same time that 
Messrs. Potts, of Leeds, in 188 1, put up a still larger one in 
the finest clock-room in the world, about 40 ft. square, in the 
tower of Lincoln Minster, striking on Great Tom and four 
new quarter bells ; and Gillett and Bland, of Croydon, who 
made the clock for some still larger bells in the Manchester 
Town Hall. But all these, and a multitude of others not 
quite so large, by these makers, and by Smith of Derby, 
belong to the class which will be described afterwards, 
winding every one or two days in the striking part's. Dead 
escapements have now become quite obsolete for all large 
clocks that are intended to keep time within the maximum 
that ought to be allowed, viz. 5 seconds a week ; for I hear 
that some of these large clocks do not vary 5 seconds a 
month, except from some temporary cause. Therefore, 
although I retain the description and picture of one pattern 
of a dead escapement clock farther on, the time is come to treat 
the gravity escapement as the standard one for this purpose. 
It is very easy too to make this next picture serve for a dead 
escapement by putting the necessary A- shaped small frame 
on to carry the pallets, making the third wheel which drives 
the gravity three-legs into a dead pin wheel, as described at 
p. 99, 
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Very few architects have the least idea, or will condescend 
to learn, how large a clock- tower mnst be to hold a clock ot 
moderate size properly, or bells either. Their notion seems 
to be that it is the duty of what they call their * clients * — 
they being the * patrons,' I suppose — to let them build 
what they think pretty, and then get other people to make it 
useful if they can. I must inform their * unfortunate clients * 
then, that they cannot have a clock of the best construction 
suitable for a bell of only 4 or 5 ewt., and one or more dials 
of 4 ft. diameter, unless they provide a clock-room at least 
6 ft. square, and 7 is better, and at least 30 ft. fall for the 
weights. The frame in such a tower as that is best built 
into the wall about half a brick deep at each end, as mine is, 
and of course made quite level and firm. It will then be firm 
enough to carry the pendulum, without resorting to an inde- 
pendent cock built into the wall. Mine is about 3 cwt. , and just 
99 in. long to the bottom, being i}i seconds, which happened 
to be more convenient than a iX seconds one, besides being 
rather better. As it is generally necessary to carry the 
ropes up to some place above the clock-room to get all the 
available fall, you have to provide space for them also, and 
evidently more than if they go straight down from the 
barrels, which is better if you have fall enough, as it saves a 
good deal of friction in several ways. This depends on the 
height of the clock-room from the ground, and the use you 
want to make of the lower part of the tower, which should 
all be considered beforehand, but never is, except by people 
who look after their own work, who alone get it done well. 

Any one who is generally acquainted with clock-making 
will understand from this picture more than could be shown 
in it without confusion. The barrels, or great wheels of 
both parts, are set under the frame in bushes of the construc- 
tion a and d together in p. 192, so that they can drive second 
wheels in bushes of the form b on the top of the frame, 
which top is about i}i wide, and is now always planed in a 
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machine, to carry all the cocks and bushes quite firm and 
level. There are three cross bars cast in it at convenient 
places, which are utilized also for carrying cocks for ' leading 
off,* for hammer-tails, winding-pinions, and anything else of 
that kind. The great going wheel generally has 120 te^th, 
and is 12 or 13 inches in diameter, and drives (first) the hour 
wheel with 40 teeth, on the arbor of which is the bevelled 
wheel driving other bevelled wheels up to the dials, both 
outside the tower, as usual, and in mine inside also to a dial 
at the end of a long passage in the house. That leading off 
goes downwards obliquely, and is omitted in the picture. 
The half-hour snails, with the main bevelled wheel, are 
clamped to the hour wheel by thumb-screws, to enable you 
to set the hands when necessary ; and it drives no more 
wheels in the train, because it makes a better distribution of 
the teeth to leave it independent. The great wheel there- 
fore drives the one marked 100 with a pinion of 10, which will 
turn in 15 minutes as the 40 wheel takes an hour, whatever 
may be the time of the great wheel, which is generally made 
3 hours in these clocks. The 15 min. wheel of 100 drives 
another pinion of 10, .*. in 1*5 min., and that having a wheel 
of 90 drives the scape- wheel pinion of 9, which, with the double 
three-legs and a i>^-sec. pendulum, turns in 9 seconds. But 
if the pendulum is iX sec, the scape-wheel will turn in 
6 X iX> or 7>^ sec, and its pinion must either be 8 driven 
by 96 or 9 driven by 108. 

In all clocks of this kind the pallet-arbors are set in small 
cocks, on the large one which carries the pendulum, and the 
•scape- wheel itself has only a short arbor in 2 cocks behind 
the other wheels. The pendulum swings in a long slot in 
the flange at the top of the frame, reaching from one cross 
bar to the other; and the escapement fly also in another 
space, with the two three-legged wheels between the back 
bar and another which carries all the wheels. There is room 
enough for all this, and a sufficient length of barrel, in the 
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width of fran^e that the striking part requires, which is 
always a good deal more than the gomg part, on account of 
the greater thickness of the rope, and the cams and levers 
and the -vending wheel. The frame is generally /^}i in. deep, 
with a wide flange turned inwards all along the top, to set the 
various cocks on. 

There is a little inconvenience in the third wheel turning 
\u i}i min. instead of either i or 2, as you want an index cf 
some kind to mark seconds for regulating, unless you go 
entirely hy the striking. But this train distributes the teeth 
so much the best that I adhere to it, and get over the other 
difficulty either by a pair of small wheels in the proportion of 
3 to 2, the smaller carrying a seconds hand, or else depend 
on an index placed over the rim of the 90 seconds wheel, 
which is graduated up to 30, so as to give the seconds in 
every half-minute, leaving you to see by the other dial, on 
the hour arbor, which half-minute it is. With a 2-sec. 
pendulum there is no such difficulty ; for the scape-wheel 
then turns in 12 sec, and its pinion of 10 driven by a wheel 
of ICO lets that wheel turn in 2 minutes ; and that may have 
a pinion of 10 driven by 100, which will turn in 20 min. 
instead of 15, and consequently wants a pinion of 12 to an 
hour wheel of 36. Several other numbers also would do ; 
but we shall see afterwards how the second wheel may 
be used to obtain greater precision in the time of beginning 
to strike than you can get from an hour snail, a good way o£f 
the escapement too, if the second wheel turns in 15 or 20 
minutes. And if you want to apply it to the half-hour 
striking also, which only requires two pins (T in fig. 40,- 
p. 196) instead of one, it must turn in 15 min. The great 
wheel need not turn in any particular time. Sometimes I 
have had them for 4 hours. In the Westminster clock it was 
convenient to have it turning in 3 h. 45 m. A minute-hand 
k, or should be, always set on the hour-wheel arbor, with a 
dial to set the clock by, which is best done by letting the 
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ipement ran or stopping it for the necessary time, 
gravity esc^ipther advantage of these clocks, 
which is an ^Jeg, — ^Xhe introduction of wire ropes, instead of 

Wire re p ones of 5 or 6 times the thickness, did a great 
the old heniq enabling the barrels and clock frames to be 
deal toward - than the clumsy things of old times, which it 
made smalleVnecessary to describe, as wire ropes and iron 
is no longer Wome universal. But I find it is still neces 
barrels have b^eople against using zinced wire ropes. I 
sary to warn *^that for some reason or other zincing iron 
found long ago^n tends to make it brittle, and sometimes 
wire or sheet ir«Y, while tinning it has the contrary effect ; 
the zinc splits oi^ittle towards preventing rast, for galvanic 
only it does very ^^i ^ay of preventing rust on wire ropes 
reasons. But the irell greased 'with a mixture of tar and 
is to keep them y\ off with the bending of the ropes, 
grease. Paint splitfi^e great wheel was another important 

Striking from tfl^Howed from the use of wire ropes with 
improvement which f^e barrel for one winding up, and espe- 
many more turns of t^re, which may be thinner still. The 
cially those of steel i%d consequently in weight, and the 
saving in friction, ai^^re than any one would suppose ; and 
strength required, is m^iyersal in all clocks, except those 
that also has become ttdfastly set their faces against all im- 
of makers who have ste^ently never dare to accept contracts 
provements, and conseqf ^time-keeping prescribed above, or 
guaranteeing the rate of (^ will bring the full sound out of 
the raising of hammers th^ never did. I will explain after- 
bells, which the old clockfCjie cams which are now generally 
wards the constraction of i^\, Jq very large clocks are also 
cast on the great wheels, bijt-day striking part I have come 
faced with steel. For an eigh* arrangement is to have about 
to the conclusion that the bestfg^ go that each hammer-tail 
18 cams working two hamme^ as if there were only half 
and cam has the same action ; 5^Dent*s earlier clocks th^ 
the number of cams. In some c 



1 88 TWO stbiuno hambiebs* 

hammer-tails were on opposite sides of the wheal* with two 
sets of cams, each having half the number. But this is nnne- 
eessary if they are placed as in fig. 37, keeping qnite clear 
of each other, which is easily managedi taking care to place 
them so as to make the intervals between the ^lows exactly 
alike ; i.e, their centres must be on prolonged radii of the 
wheel, i}i cams apart. The reason for having 2 hammer-tails, 
instead of one shorter and working over half tl?yB space, is that 
the pressure of such a short lever sometimes Vtits o£f the ends 
of the cams if the lever end was not blunteo enough, though 
there are plenty of such clocks going vrithout any such 
result. On the whole it is better to avoii the risk, except 
with small bells not above 2 cwt., which only want ham- 
mers of 4 or 5 lbs. If there are 22 or 24 cams, of course the 
teeth of the great wheel, and of the smAll one on it, which 
drives the locking-plate, must be incre.'»sed ; and remember 
that when there' are two hammers that^ 36-wheel must still 
be twice the number of the cams, as ^ each cam strikes two 
blows. I assume the locking-plate v ^eel to have one tooth 
for every blow struck, though you n^ay vary the number if 
you keep the right proportion ; e,g, ' ipu might have 30 and 
66, instead of 40 and 88. Both ^ese wheels are in front 
of the frame. The great wheel 'of 108, or 3 x 36, drives 
a pinion of 9, which therefore goes 3 one third round for each 
blow, and accordingly has 3 can^s to lift the detent. The 
winding pinion should pump int and out of gear, as there 
is no use in giving the clock th e friction of turning it. Its 
back pivot is accordingly set ira a cock bolted to the cross 
bar in the middle of the frame, with a key that drops into 
a nick round the arbor to kee^p it in its place. In the draw- 
ing it looks as if the second , hammer lever pivot was in the 
winding-pinion one ; it is onlj optically so, as they say of 
stars, which may either be . really inside a nebula or billions 
of miles behind it. 

The half- hour striking arrangement has been already 
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described with reference to this (see p. 170). The jumper 
spring is on the right side of the 24 ratchet wheel with the 
12;^ and i}i o'clock steps on it. 

Betoming to the going part, the maintaining power which 
I always prescribe, except for very large clocks, has been 
already described (p. 151). Some clockmakers found, after 
much trouble (of which tiiey were warned before), that the 
spring -going ratchet will not do for gravity escapement 
turret clocks, except very small ones. Where the dials are 
so large as to require more weight than can be wound up 
without an auxiliary pinion like the striking part, I think the 
Westminster maintaining power is the best (see also fig. 40) ; 
though this one in fig. 37 does perfectly well, and is generally 
used for larger clocks. 

Stops for weights. — ^Where the weights do not go down 
to solid ground there ought to be a large box full of broken 
stones, not gravel, for them to fall on if a rope breaks. The 
reason why stones are the best is that they give the weight 
something to do in breaking them a little more, which uses up 
a good deal of its force. Sawdust or chips are too elastic, and 
sometimes throw the weight ofif on to the floor, and therefore 
through it, as happened at St. Albans lately, from over- 
winding. Gravel is too hard to break, but still gravel or 
even sand will take off a great deal of the force of a blow in 
displacing it ; but I am convinced that stones are the best. 
They may be covered with a thin board, to look tidy. Their 
depth should never be less than 2 ft., and more according to 
the bigness of the weight and the possible drop. But another 
kind of stop also is requisite where the weights go out of 
sight, to prevent over-winding, i.e., winding right up to the 
fixed pulley. A mere straight stop to catch the top of the 
weight will generally do, because it gives check enough to 
make any man who is winding feel it, though of course 
there is a little risk of the jerk and strain, for which extra 
strength of rope must be provided; but this will not do 
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when a great multiplying power has to be used. Nor is it 
at all safe to rely on human stupidity attending to any mark 
on the rope, which there was at St. Albans, even if there is 
always light enough to see it and the real winding man is 
told about it, who is probably a mere blundering deputy of 
the one who ought to do it. At Westminster, you will see 
farther on, that I provided an absolute stop to the turning 
of the handles beyond the proper times, both when the clock 
is going to stiike and when it is fully wound. But ropes 
on long ungrooved barrels do not travel uniformly enough 
for that method to be adopted with them ; and besides that, 
the ropes often overlap, though they had better not. It 
would be easy enough to make each weight raise a lever with 
a sort of click to it, which would ring a bell when the weight 
has got to the top, in several ways. And now that electricity 
is coming into use for everything, the weights might make a 
contact to complete an electrical circuit when they reach the 
top, and so might make any kind of noise which the winder 
could not fail to hear, or drop a lever to stop him. 

When the weights do not hang from the barrels, but the 
ropes have to be led off to a fixed pulley somewhere, it is 
necessary that it should be so far ofif and in such a position 
that each rope may feed straight off and on the barrel, 
without either separating or grinding against itself. It is 
so much better to let them hang down, that I would rather 
have them hang so by 3 lines, which requires no more pulleys, 
and only two-thirds of the height of 2 lines, than lead off for 
anything less than 15 or 20 times the length of the barrel. 
But more than 3 lines increase the friction enormously, and 
should never be used ; nor should 3 together with a fixed 
leading-off pulley, which makes 4 lines or 3 pulleys. The 
weights in this clock go down within the frame, close to the 
walls, and are boxed all the way down. Even if they did 
not, the tower must not have been much smaller, on account 
of the fiy, in which length is of great value always for steadi* 
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ness of Btriking, and yon ma9t have a reasonable space for 
the handle to tnm in winding, even if it goes the right way, 
as it does here, not requiring the man to stand beyond it. 

Fonr-wlieeled trains. — These horizontal frames evi- 
dently require rather more length than a well-arranged cage 
frame, in which the wheels stand over each other, and they 
would require still more to contain a four-wheeled train. 
Turrets are sometimes made so small that a horizontal frame 
clock even of 3 wheels cannot be got in. The clock can be 
got into less length by making the frame something like a 
pointed arch, which is also a strong form. Many years ago 
I designed some small quarter clocks for a confined space, 
to be sent to Mexico, and the arrangement on page 193 
brings the work within the smallest possible limits. I be- 
lieve they were the strongest clocks of the size that had 
ever been made. There are no loose bt^rs whatever to the 
frame, and instead of cylindrical bushes (fig. 38 a) which 
can only be let in near the middle of the bar, the bushes are 
mostly of the form c, which admits of greater variety of 
position, and also enables the wheels and other pieces to be 
taken out singly with greater facility than the let in bushes. 
Another bush, which is used in clocks with horizontal and 
arched frames, is that at 6, which is the best of all for con- 
venience of fixing, and adjusting the place of the wheels, 
and taking them out separately. 

There is yet another kind of bush which I used first at 
Westminster, and it is the best for the barrel arbors of 
clocks with a horizontal frame. A hole of the shape d is 
cut out of the piece, which is then cast as a projection down- 
wards from the frame, large enough to hold a bush of the 
form a, and with a slot below just wide enough to let the 
arbor drop when the bushes ar« pulled out. Otherwise it is 
necessary to bolt large pieces, or cocks, on to the frame, and 
the back piece is sometimes difiicult to get off. I shall call 
these * drop-bushes * accordingly. At Westminster they are 
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not used for the barrels, bat for the third wheel arbors which 
drive the flies. 

In connection with bushes it is necessary to warn people 
against making oil holes in them, which is sometimes done 
from overlooking the difference between the slow-going 
pivots of clocks which do not need oiling once a year, and 
the qnick ones in other machines which require constant 
feeding with oil or they will heat. Snch holes in clock 
bashes are very soon drained of oil and become receptacles 
and feeders of dirt and grit. What little oil is needed easily 
works in from the ends of the pivots, the old oil being first 
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wiped ofif. I shall say a little more about oil at the end of 
this part of the book. 

Fig. 39 is a front elevation of those Mexico clocks, showing 
as much as can be shown at one view without confusion, 
and representing the wheels only as circles for the same 
reason. They have i sec. compensated pendulums with 
bobs of nearly 1 1^ cwt. ; where there is room, of course it 
would be better to use ij^ or i^ sec. pendulums. They 
are calculated to strike the hour on a bell of 4 or 5 cwt. with 
quarters in proportion, and will drive four 6 ft. dials very 
well. The whole length of a quarter clock on this pattern 
is only 30 inches, and for one without the quarters 21 inches. 
The flies may require rather more, according to the size of 
the hammers. One fly may go behind the other if neces- 
B&ry. Those who build clock-towers should remember that 
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there must be room for a man to stand and wind np the 
clock besides. The hole in the upright bar where the pallets 
are shown, is only in the back bar, which is widened out for 
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it, and the two lamps which form the pendnlom cock are 
cast on the back. The cross bar which carries the locking 
plate 78 is only wanted on the front frame, and is omitted 
on the back one, as it would interfere with taking oat the 
barrel. All the levers are so placed as to clear the ropes 
when they have to be taken upwards. The small cam wheel 
for lifting the locking lever of the striking part answers very 
well : that of the quarters is in fact the locking plate itself. 
If there are no quarters at the hour, the pinion of 20 should 
be 30, and drive a separate locking wheel of 36, which 
will turn in 2 hours, as 12 cams are used in that time. 

Size of fly. — There is no more frequent mistake in turret 
clocks than that of making the fly too small to preserve uni- 
formity of time in striking, and the defect is generally incurable 
for want of room. When the fly of the hour striking part is 
too small the velocity increases after the first few blows ; and 
with quarters on four bells especially, some blows come 
quick and others slow, according as the heavy or the light 
hammers are being raised. You must have a considerable 
superfluity of force beyond what will just raise the hammers, 
and the regulation of time must be done by the fly. I do 
not however see my way to prescribing any rule for the size 
in proportion to the weight of hammers or bells beyond this, 
that each arm of the fly of any large church clock ought to 
be fully 2 ft. long ; and for the very large bells which have 
lately come into fashion again, the flies must be still longer. 
Length is much more effective than width. There may be 
from 4 to 8 turns for each blow or each quarter, according 
to the size of the clock. At Westminster we could get no 
uniformity of striking quarters with a fly going faster than 
4 times to each chime ; 6 or 7 is generally the best number. 

When it is impossible to get room for flies of proper 
length and size to equalise the time, something may be done 
by using a three-armed fly, but that is by no means equal to 
one with two arms of sufficient length. 
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I find it necessary to add, that the flies should on no 
account be in front of the clock, for that involves the use of 
a winder with a very long pipe to clear them, which is 
harder to wind and strains the arbors. Fig. 47 will show how 
to get plenty of room for them behind in clocks of almost 
any size. In very large ones, such as Westminster, a 
vertical rod may be carried up and the flies put quite away 
at the top of the room. I have seen it done also in much 
smaller clocks where there was no room otherwise for the flies. 
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Fig. 40 {t. .) is a front view of a larger clock than those 
previously described, substantially according to the plan 
which I settled for old Mr. Dent's factory many years ago, 
whereby we reduced the cost of large quarter clocks to little 
more than a quarter of what it used to be, and at the same 
time greatly increased both their accuracy and strength. 
This only shows two quarter hammers for simplicity. Indeed 
four could not be shown in an elevation, as the levers must 
then all be on one axis or pin, and the cams come irregularly, 
as will be explained under quarter chimes. As Fig. 37 was 
of an eight-day clock, to which a quarter part might be 
added much like the hour part, this is of larger clocks, with 
heavy bells, and winding up the striking parts every day or 
two days, according to the available fall. It is impossible to 
strike heavy bells properly with an eight-day clock unless it 
has a very unusual fall, and even then it would want very 
inconveniently long barrels, and the old-fashioned clocks never 
did strike properly. 

The hour great wheel here has only 10 cams, which I 
consider the best number for the arcs that have to be described 
by the cams and the hammer-tails or levers, when we are free 
to use any number, which we cannot in eight-day clocks. 
Therefore this requires only 16 turns of the barrel for 34 
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hours, or 156 blows, and 2 or 3 more for a few extra hours ; 
or say 35 or 36 turns for winding every two days ; and 
therefore quite short barrels will do, with wire ropes as much 
as X in. thick, which are enough for all but very large 
clocks beyond the ordinary patterns. 

The going part is always made to go a week, or rather 8 
days and a fraction, to provide for the forgetting of a day. 

It is impossible to give any rule for the size of the great 
wheels, as it clearly ought to depend on the work they have 
to do. For bells from about 30 cwt. to 53, a common range 
for the tenors of large peals, an i8-in. great striking wheel is 
the best pattern to keep, as it is inconvenient to use many. 
A 24-in. wheel with only 10 cams of proper size and strength 
will do very well for bells up to 5 or 6 tons, or even 10 tons, 
if the teeth and cams are wide enough. The great going 
wheel may be from 13 up to 16 inches for any four dials 
from 7 up to 12 feet, and there are very few larger. The 
other wheels may be in proportion. The scape-wheel legs 
should be from 5 to 6 inches long, and you must allow 
plenty of room for a long fly, not less than 9 or 10 inches, 
especially for large dials, which should have a considerable 
superfluity of force, to drive the hands in all weathers. For 
that reason the scape-wheel arbor is put on a higher cock 
than before. The pendulum is carried in the same way by 
the frame. If it is a very large one it is well to put one or 
two brackets or strutts from the wall to the back part of the 
frame near the pendulum, but that is not necessary generally, 
as this kind of frame for i8-in. great wheels is only 5 ft. 6 in. 
long, and forms a kind of arch when its feet are firmly bolted 
to the corbels, which I need not say should be a great deal 
deeper than there was room to show in this drawing. If they 
are iron brackets they should be built into the wall and wide 
at the top also, to prevent any risk of sideway motion under 
the swing of the pendulum. 

For 10 cams the great wheel had better have 100 teeth, 
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and the pinion lo; or 120 and 12 of coarse run rather easier, 
which pinion will evidently go once round for each blow. 
Bat if yoa want the clock to go 4 days withoat winding and 
to have only one hammer, 16 cams will be better, and 192 
teeth in the great wheel, driving a pinion of 12 two-thirds 
round for each blow. And then you may make the cam wheel 
on that pinion with 2 hollows in it one-third and two-thirds 
of the circumference apart, and they will always come 
right, because the number of the hours is odd and even 
alternately, if it is put in the right position; which you 
will find more easily by trial than by explanation here. But 
this would not do when half-hours are struck by the hour 
part, for two odds then often come together, such as 3 and i , 
5 and I, &c. The general calculation for all numbers is 
this. Let p be the leaves of the pinion, which must be a 
multiple of 3 if you are to use that method ; n the teeth of 

2 w 

the great wheel, and m the cams. Then -p must = - or 

3 
2 
n = — mp: p must be taken as 12 for this purpose, and 

.*.n = 8 m. Ji p has 10 leaves and is only to go once 
round, n must evidently = 10 m. It is not convenient to have 
two large hammers with a ringing peal, as it is difficult to 
get room for them in the frame, though it is easy enough for 
stationary clock bells. But it is unnecessary to consider all 
that if the clock winds up every day or two, which is always 
best for large ones. A few cocks and bushes are omitted in 
the drawing to avoid confusion. 

In other respects this striking part is the same as in fig. 
37. But I now show the plan for letting off the striking of 
the hours more exactly than can be done by the slow motion 
of the hour wheel and its snail, especially as it is a sort of 
outrider to the train. This was first done in the Westminster 
clock, but the plan now described for the first time was not 
expedient there on account of the great size and weight of 
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the discharging levers. Here you see that the long lever or 
detent DS is carried over to the second wheel of the going 
train, which has a square pin T on one of its spokes ; and 
there is another square pin S on the detent, now shown 
below the other, the clock having just struck. But at some 
minutes before striking S gets raised above the circle in which 
T moves, which can be done, because at that time T is out of 
the way. Just before the detent is going to drop off the snail 
T has come under J, and J cannot fall again till T slips from 
under it, which will take place with perfect accuracy at the 
last beat of the pendulum for the hour, as the motion is large 
enough to be visible, and a very little way o£f the scape-wheel. 
This is inconsistent with altering the hands less than 15 or 20 
minutes, except by running the clock, as you easily can with 
a gravity escapement. In the Lincoln Minster clock Mr. 
Potts provided in this way for the quarters also, as did 
Messrs. Smith at St. Paul's and Beverley, which however 
are not of so much consequence as the first blow of the 
hour. The second wheel must in that case turn in 15 
minutes ; but without the quarters it may be either 20 or 15. 
The pins S and T should be so placed and shaped that the 
pressure may not tend to stop the wheel. (See also p. 392.) 
As I have already shown the maintaining jJower which is 
best for clocks not requiring an auxiliary winding wheel, I 
show here the one which is best for those thai do ; though 
the other, of which a piece is shown at B, may be used for 
them. This is the one that I designed for the Westminster 
clock, and the principle of it will be described there. The 
winding pinion and the bars which carry it, the front one 
fixed and the back one hanging from the arbor, are out of the 
vertical, because the action of gravity is wanted to make the 
pinion and back bar which carries it fall on to a fixed stop, 
when the winding is done, or suspended for a short time. 
The back bar also carries the click which takes into ratchet 
teeth cast on the back of the great wheel. It might go into 
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the other teeth, bat for the risk of catching only on their tops 
and slipping, so that ratchet teeth are safer, and practicallj 
Cpst nothing when once the patterns are made to cast from. 

The arrangement of the quarter pare for 4 bells is practicaHy 
the same as for 3, except that all the levers mast be on one 
steel pin, which should be screwed tight at its ends to help 
to keep it stiff. Either for 2 hammers or for 4, the best way 
is to cast one sot of cams on one side of the great wheel and 
another on the other, at the proper distances to make the 
interval between snccessive chimes at least twice as great as 
between the blows in each chime. For 4 bells two other 
sets of cam rings may be cast in one, and all bolted together. 
Bome clockmakers prefer an independent cam barrel driven 
by the great wheel, to which there is no objection except the 
extra friction, which I once found to make the difference of 
requiring an auxiliary winding- wheel. When steel cams are 
used they are all bolted to a wide ring or barrel cast with 
or bolted to the great wheel, the nuts bemg inside it. I shall 
have more to say about cams afterwards. Four quarter 
bammer*tails cannot well be turned inwards as the hour one 
can, in the form which makes the pressure on the arbor only 
the difference instead of the sum of the two forces on the 
lever. But they can have their wires in the middle, instead 
of their fulcrum or arbor being there, as you see in the 
Westminster clock, and in that way the friction on their arbor 
is reduced to a minimum, the wires being put as near the 
cams as possible. (See also p. 393.) 

Two quarter hammers— or two alternate hour hammers — 
can also be placed as in this fig. 41, which I designed long 
ago with the same object of keepmg the power and the work 
on the same side of the arbor, and many large clocks were so 
made at Dent's factory. It involves cams on both sides of 
the great wheel, which are as easily cast as on one side. The 
rope also should always pull on the same side of the barrel as 
the cams, in order that the pressure on the great arbor may 
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be- the difference instead of the sum of the weight and its 
work, and consequently the friction much less. You may 
fancy that these frictions of pivots, and of teeth when the 
cams are not on the great wheel, cannot come to much com- 
pared with a great striking weight, or a hammer of many 

Fig. 41. 




pounds weight raised 9 in., or about 6 vertically, 156 times a 
day ; but you will find very few clocks in which the weight 
X its daily fall is not more than twice or even three times 
its theoretical * duty,* or the hammer x 78 ft., which excess 
is all. due to these various frictions. 

If no quarters are struck at the hour it is better to have 1 2 
cams, the locking*plate being on the great wheel arbor, so 
that they vdll turn in 2 hours. In that case the pinion may 
as well be of 12, driven by the great wheel of 96, and 
therefore turning y^ round for each quarter chime as before 
described for hours in some cases. 

Lifting the hammer by pins on the striking wheel, as in 
house clocks, is totally wrong in large ones, and it is nearly 
discontinued. - The pins necessarily begin to act a. good way 
from the end of the lever, and therefore at the greatest dis- 
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advantage as to leverage, and that at the very time when 
the hammer is rising most vertically (in the usual way of 
bangmg) and requires the most force to lift it. The lifting 
should he done hy cams, which hegin to act on the end of 
the lever, and are properly shaped to act with the least 
possihle friction throughout, as I shall explain under the 
Teeth of Wheels, Pms with rollers on them are of very little 
use, and do not ohviate these objections, and are weaker than 
fixed pins : they are nearly if not quite abandoned. 

Cambridge and Westminster cMmes. — Considering 
the thousands of men who had listened for 3 or 4 years 
together to the famous St. Mary's chimes at Cambridge, 
during three quarters of a century, it is odd that no one 
ever thought of copying them in any other public clock. 
The last but one Lord Lansdowne tried it, but his clock- 
maker Mr. Yulliamy made the mistake of ordering and hang- 
ing the bells* of four successive notes before writing to ask me 
about them ; whereas they ought to be such notes as E, D, 
C, G ; or the fourth bell must be a musical ' fourth * below 
the third : bells are always counted from the highest note 
or smallest bell. At the Eoyal Exchange, in 1845, they did 
get so far as to adopt the Cambridge notes ; but the Gresham 
professor of music thought he coold improve upon the tunes, 
and spoilt them. I have been told by a Cambridge man of 
the last century, that they were invented by the well-known 
Dr. Crotch in 1780, from an air of HandeVs, who has 
generally had the credit of inventing them, and perhaps 
deserves it. 

Doncaster quarters. — ^For some time after I thought of 
introducing them at Westminster, it was assumed that the 
hour bell must be an octave below the third quarter, and 
that they were therefore impossible with a peal of only 8 
bells, if the quarters were to be struck at the hour. More- 
over playing 10 chimes in every hour, requires nearly twice 
as much power in the clock as playing 6, which is sometimes 
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a consideration when there is not mnch fall for the weights, 
and it makes a little difference in the cost. Again, if you 
look at the Camhridge chimes (p. 204) yon see that the hlow 
on the lowest quarter bell (called 6), is repeated too quickly 
in one place for a heavy hammer to be relifted immediately ; 
and accordingly in all very large clocks it is necessary, and 
it is always desirable, to have two of those hammers, lifted 
alternately. Avoiding it by a separate barrel, driven by the 
great wheel, is a much worse plan. For all these reasons, in 
a few chnrch clocks, made before i860, 1 adopted the plan 
of omitting the quarters at the hour ; but I should not do 
so again with these quarters, because the hour chime is the 
best of them all, though ding dong, or any other mere 
repetition quarters, are neither useful nor pleasing at the 
hour. I also made a slight alteration in the third quarter in 
those clocks, to avoid the quick relifting of the largest 
hammer, and it sounds very nearly as well as the Cambridge 
one. The quarter bells are therefore, 2, 3, 4, 7, of a peal 
of 8 at Doncaster and Scarborough parish churches, and the 
cathedral at Fredericton, where the three-legged gravity 
escapement was also first used. 

Worcester and Chester Cathedral qnarters.—But 
after a time I came to the conclusion, and other people have 
gradually adopted it, that it is not at all necessary to have 
the third quarter bell an octave above the hour bell, and 
that the ear is quite satisfied if the fourth bell is two notes, 
or even one, above the hour, because the interval of time 
between the quarters and the hour ought to be from 6 to 10 
seconds with large bells. Accordingly in the great peal at 
Worcester, the Rev. R. Cattley, the author of it, and I, 
as the designer of the clock and bells, agreed to take advan- 
tage of the tenor of the peal for the fourth quarter bell, 
though it is only ij^ notes above the great single hour 
bell of 4)4 tons ; and thereby we got far more powerful 
quarters than if we had kept them 2 notes higher. At 
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Chester Cathedral, and St. Chad's, Headingley, near Leeds^ 
and some other places, the 4th quarter bell is only one note 
below the tenor, as at Doncaster, thongh they are the fall 
Cambridge quarters ; and that is the plan which I now 
always recommend when there are 8 bells, or even 6, with 
an extra one added above for the first quarter. At Ossing- 
ton Church, having only a small peal of 6, 1 recommended 
to my namesake the late Speaker, a lower bell (out of the 
peal) for the hours ; and the same at S. Shields lately. 

The following are these several arrangements, which are 
suitable for any key, and therefore I have indicated them by 
the bells in a peal of 6, which these quarters require, leaving 
the hour to be any note below the lowest quarter bell. 



Cambridge and 
WestmiDster. 

2ndP^^^^ 
13213 

r 1326, 

3rd^ 6213 > 
1 1236. 



4th 



.ist 



Doncaster and 
Scarborough. 

Ist 1236 

3126 

3213 

2613 

3rd^ 6213 

326 



2nd 



|2f 

(12 



Royal Exchange. 

ist 3126)^^^ 

/ 6213 
3rd I 



1326 
3213 



4th 



But this is bad. 



I call the bells i, 2, 3, 6, in all cases for more easy 
comparison, though they would be of various numbers 
according to the peal they belong to, on account of the 
numbers being always reckoned from the smallest, in the 
order in which they ring. Indeed a peal of 6 could not have 
these chimes at all without an odd bell, either above as at 
Headingley, or below as at Ossington. 

You see from the table that the Cambridge chimes are 
repeated twice in the hour, and therefore the cams may be 
fixed on a barrel which turns in any multiple of the 5 chimes 
in that table. In some clocks the 5 sets of cams idone are 
put on a barrel driven by the great wheel, but with much 
more fiiction than in other clocks that I know with belle 
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of about the same weight; one, with thig seeood barrel, 
required a double multiplying power to wind it up, while 
another, with the cams for an hour on the great wheel itself, 
winds quite easily with a single pinion. At Westminster, as 
you may see in the frontispiece, there are 3 sets of cams, or 
what may be called an hour and a half s chimes, on the 
great wheel, i,e. on a wide barrel attached to it, because it 
happened to be convenient with the great fall we have there. 
The cams may be cast in separate rings of cast steel, but it 
is better to have smooth-faced steel cams screwed firmly to 
a plain barrel, as they are at Westminster, and ii; all the best 
very large clocks now. 

The interval between each chime {i,e. between the chimes 
of each quarter) requires some attention. At Cambridge it 
is 3 times the interval between the blows of each chime. That 
appears to me decidedly too slow, and at Westminster, Don« 
caster, &c., I made the interval only two spaces instead of 
three. That again is perhaps rather too quick, and at 
Worcester, and all the subsequent large clocks for which I 
have given designs or specifications, there are 2)4 spaces, 
which sound the best of all. The barrel, or each portion of 
it which contains the 5 chimes, must then be divided into 55 
spaces, of which each blow occupies 2, and the intervals 
between the chimes 5 spaces. 

When there are two hammers for the 4th bell, as there 
always should be, those cams may, and should be, made 
longer than the others, as there is then ample room for it ; 
which diminishes the pressure on them, and makes it more 
continuous, and so tends to equalise the time. This is 
important, because the 4th quarter bell is much the heaviest, 
and there is the least interval between its blows. 

In all quarter clocks, striking on a peal of ringing bells, pro- 
vision should be made for lifting off the hammers, or they are 
almost certain to be broken when the bells are rung, and 
perhaps the bells cracked besides. This is easily done by a 
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lever ; or, when the hammers are very heavy, it is hetter 
done, as Mr. Cattley arranged at Worcester, by an eccentric 
brought down over all the levers just where they come out 
of the clock. The hammers must not only be lifted off the 
bells, but so high that the cams do not lift them at all, or all 
the wires will soon be broken by the jerks. And as the 
clock is thus relieved of its work, it is better also to make 
the turning of the eccentric, or pulling down the lever, let 
down a wooden brake on the fly arbor, to help the fly to 
stop the velocity and diminish the blow on the stops. 

Quarters on two bells. — I have little more to say about 
turret clocks with these than I said about house clocks at 
p. 172. The bells must be at the musical interval called a 
fourth, and the higher of the two should be an octave higher 
than the hour bell if there are quarters at the hour ; though 
that is not so material, and they may be the ist and 4th qf 
a peal of 6, or even 5, or the 4th and 7th of a peal of 8, 
because there should be a longish interval of time between 
the quarters and the hour, which saves the ear from being 
offended with the want of the proper musical interval. The 
old York Minster quarters, and a few others, were at the 
interval of a fifth (which in music, though not in arithmetic, 
is larger than a fourth), but tiiey do not sound so well. 

Time of striking. — The quarters are generally made to 
let off the hour, as described at p. 177. But where accuracy 
of time of striking is required, this plan is insufficient ; for 
it makes the first blow of the hour depend on the time both 
of letting off, and of striking the quarters, both of which 
may easily vary several seconds. It is therefore essential 
to accuracy that the hour-striking should be let off by an 
independent snail of its own, exactly at the hour, with the 
quarters let off the requisite number of seconds before the 
hour; though the other three quarters may be allowed to 
strike at their proper times. Even this is not sufficient where 
extreme accuracy is required, as I have already explained. 
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The hammer should also be left * on the lift/ or nearly ready 
to fall; which is in other respects also a good thing in a very 
large clock, because it relieves the wheels and the stopping 
pieces from a heavy pressure, and throws it all on the cams 
and hammer work, which must in any case be strong enough 
to bear it. In this case it is necessary to put a small click 
somewhere, to act on a pin in the fly arbor to prevent the 
train from running back when you wind up the clock : 
indeed it is as well to put one always, as the winding always 
tends to drive the train back. Where there is no special 
provision for accurate striking, as above, care must be taken 
to make the discharging snail large, and its corners 
sharp and hardened, and those of the discharging lever or 
lifting piece also. See also p. 199. 

Chime tunes. — There has been a considerable revival of 
the old fashion of having tunes played on bells by machinery 
for a few minutes at certain hours of the day. The old 
machinery for this purpose was extremely simple, consisting 
of a large barrel 2 or 3 feet in diameter, generally made of 
wood, with strong iron pins screwed into it like a huge musical 
box barrel, and pulling down levers which lifted hammers 
on the bells like a common striking part. If there were 
several tunes on the barrel, either that or the bed of levers 
had an endway motion, shifting at the end of each tune, or 
shifted once a day by the clock. The Royal Exchange 
chimes are of this kind, only the barrel is of cast iron, with 
a vast number of holes in it, in which pins or short cams 
are screwed to play any tunes that the bells admit of. 

Some new ones of the old kind have lately been put up in 
St. Albans Cathedral by Mr. Godman, a clockmaker there 
whom I have mentioned before, entirely from his own design. 
The barrel is 7 ft. long, of wood on iron rings, and the levers 
are worked by cams of * phosphor bronze * screwed on, lor 8 
tunes on 8 bells, which I think are quite tunes enough, and 
more than were generally used in old times. The tunes shift 
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themselves. The Westminster quarters are also put there on 
the same plan and in connection with the chimes in a room 
above the clock. Notwithstanding the superiority of those I 
am going to describe next when constantly looked after by 
a competent person, which they require, and which of course 
costs money, I have returned to the opinion that for ordi- 
nary churches, where there are seldom any funds to spare, 
the old-fashioned chimes are the best. 

The chimes in some foreign churches are played by hand, 
I understand, without anything that can be called machinery. 
The hammers, being light, are easily lifted a little by a man 
playing on keys like a piano, only with his fist instead of his 
fingers. I have seen tunes played on church bells here with 
oven less machinery than that. They just tie the bell-ropes 
to the clappers, and the lower ends to rings on a board 
screwed down to the belfry floor, bringmg the clappers so 
near to the bells that a slight pull will make them strike. 
The man * operates * them (in American grammar) by pulling 
some of the ropes with his hands and pushing others with 
his arms, and so manages to play a feeble sort of tune. 

NEW CHIME ^lACHINERY. 
The new kind just now referred to were introduced by 
Gillett and Bland of Croydon, and by Lund and Blockley of 
Pall Mall, both of whom bought some patent rights of an 
inventor named Imhoff, and have both made improvements 
of their own. The principle of the invention consists in 
this, that the hammers are raised by a long barrel full of 
cams which have nothing to do with dropping them, but 
are continually at work raising any levers that happen to be 
down. The levers are then caught and held by triggers, 
which are let off by quite small pins on a wooden barrel just 
like that of a common grind-organ. The barrel can also be 
taken out and changed, besides each barrel holding several 
tunes which change themselves by an endway motion. This 
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figure shows Gillett and Bland's mode of lifting. Each lever 
has a jointed beak which is lifted by one of the 7 cams on 
the barrel belonging to that lever ; and when it has been 
caught by ihe trigger 

at the other end the Fig. 42. 

cam slips away, and the 
beak drops, so as to 
clear the cam next be- 
low, and gets caught 
again by the next to 
that, because it falls 
on to a block which 
stretches out the beak. 
This gives a greater lift 
for a given number of 
cams, and so allows 
more cams to be put in 
the barrel and more 
lifting to be done with 
a given velocity. 

Lund and Bleckley's 
lifting barrel has only 
4 cams, and they lift 
from 90° before the 
vertical up to their 
highest position, by 
means of a hinged 
piece dropped from 
each lever. They also 
strike the Westminster 
quarters by means of 
the same set of pins as 
the tones: which I 

must say I disapprove of altogether compared with a proper 
quarter-striking part. I have seen an otherwise very satis- 
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factory large clock of theirs, with chimes on a peal of i6 
large bells for the Bombay University ; and some smaller 
ones. Oillett and Bland's principal chimes are at Worcester 
Cathedral, Boston and Croydon Churches, Bradford and 
Bochdale town-halls, and at Eaton Hall. The performance 
of both kmds is more accurate and satisfactory than in the 
old-fashioned machines; but, like most superior machines, 
they require a groat deal more care and consequent expense 
than the old rough ones. No chimiug machinery can bring 
the full tone out of bells, especially the large ones : but this 
is stronger in lifting as well as more exact in letting off than 
the old kind. Every bell requires two hammers, and at 
Worcester some of them have three, because of the quick 
repetition in some of the tunes. 

It is necessary to give one caution most strongly to 
ambitious iihime-cultivators. Avoid ' chords,' or two notes 
sounded (professedly) at once. At Croydon they thought 
they knew better, and a more horrible performance I never 
heard from the rudest old-fashioned chime barrel of 200 
years ago. I believe the chords have since been abolished. 

Another caution is, not to attempt chimes on large and 
small bells together. For some reason, which neither I nor 
the bell-founders know, it is a fact well known that bells 
below 4 or 5 cwt. cannot be made to sound homogeneous with 
large ones. I shall have more to say of that in the chapter on 
bells. They attempted it at Boston, and have got 42 bells (in- 
cluding the 8 of the peal), some of only a few pounds weight 
cast in Belgium, and chimes to play on them all together. I 
and other people who went specially to hear them considered 
them a failure. Even quarter chimes are never satisfactory 
when large and small bells are mixed. The same result is 
unpleasantly conspicuous at Eaton, though the bells there are 
not so numerous, and were all cast in Belgium together. 

Clock hammers. — Turret clocks generally strike on bells 
of a different shape from the hemispherical house clock bells, 
which do not answer beyond a very small size, as I shall 
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explain more fully hereafter. Most people (except artists, 
who always draw them wrong) are aware that the general 
shape of church bells is that shown in figs. 43, 44* The 
clock hammer C S is always fixed at right angles to the 
swing of the bell, for two very obvious reasons : first, if the 
bell was free to swing under the blow of the hammer, the 
first blow of every hour would set it swinging a little, and 
at every blow after that the bell would either be out of the 
reach of the hammer altogether, or else jarring against it ; 
and another reason (if it is worth while to talk of other 

Fig- 43- 




reasons after this) is, that if the hammer was put in front of 
the bell, all its machinery would have to be moved out of 
the way before the bell could be rung at all. 

The hammers of large clocks also differ from small ones in 
acting by gravity, as you see. But they equally require a 
check spring, or some other contrivance to keep them from 
jarring the bell. When a church bell is rung up, i,e,y swing- 
ing once round for each blow, and set mouth upwards, the 
clapper lies on the bell, but not so heavily as a clock 
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hammer would, because it stands at a higher angle. The 
usual kind of hammer spring is shown in fig. 43 ; and s c 
in fig. 44 shows as much of the spring as there was room for. 
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The spring is sometimes made adjustable, by having long 
holes for the screws to go through, so that you can' bring it 
farther from or nearer to the bell as may be required in 
course of time. India-rubber buffers under the hammer 
shank are better in some positions, and have the advantage 
of never breaking, and being easily replaced or altered in 
thickness. I used them at Westminster, 

I believe it is the fashion on the continent to fix the clock 
hammers with their pivots above the bell, when it has not 
to swing ; and it has the advantage of securing a long 
hammer shank, and therefore less angular motion for a given 
lift, and moreover the effective weight of the hammer is not 
so much lost in the lift as it is in the common position. But 
on the other hand, with bells as tall as the foreign ones are, 
the hammer shank stands much more vertically than in the 
other way, and the rebound from the buffers or check spring 
is greater, and a greater lift (obliquely) from the bell is 
required to get the same momentum of the hammer; not 
that that imposes more work upon the clock. At West- 
minster we were obliged to adopt that plan, on account of 
the construction of the tower and bell-frame, and there it 
had this incidental advantage with regard to the great bell, 
that we were enabled to get the hammer tail T directly over 
the end of the lever in the clock, by setting the hammer 
frame, or the pivots which carry it, a little out of the 
cardinal position relatively to the tower, and so all cranking 
was avoided and a vast quantity of friction saved. 

Cranks. — ^Nobody who has not tried it can have any 
idea how much of the force of a clock is wasted by having to 
lift the hammer through cranks. Where the hammers are 
not very heavy, you may sometimes use what I' shall call 
couple-Uvers (for a reason which any mathematician will 
know), of the form in fig. 45 a, instead of a pair of cranks ; 
but when the hammers are heavy, and the arbor of the lever 
has to be long, I find it is impossible to avoid some elastic 
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torsion in it, which wastes quite as much force as the 
friction of a pair of cranks, and makes the hammers rise 
with a tremhle, which checks the force of the clock and 
strains everything severely. For the same reason large 
cranks should be made with a light connecting bar as in fig. 
45 b, which increases the strength enormously and helps to 
keep everything steady. The cranks and lever arms and 
hammer shanks and tails should all be long. I know that 
in modem towers, which are nearly always built too small 




for properly hanging the bells, there is often great difficulty 
in getting room for clock hammers and cranks at all ; but 
wherever there is room, the action will be easier and more 
effective if all these arms are made long instead of short. 

When the clock is above the bells, as in the Leeds town- 
hall, and the Royal Exchange, it is a very common mistake 
to put a tail to the hammer to pull down first, which of 
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eonrse involves tlie necessity for another to pull up again. 
It ought to he done as I designed it at Leeds (if there is 
room) hy pulling up at once from a lever set inwards or on 
the same side of the arhor as the hammer itself, unless it 
happens* from some local peculiarities that this would involve 
as many cranks as the other way. 

In several of the former editions I gave a design for 
catching the hammer at its rehound without any huffer- 
spring ; hut I have never heard of it heing tried, and there- 
fore I do not repeat it, and have modified fig. 44 accordingly 
to show a common huffer-spring. 

The weight of hammer and its lifi; can only he 
determined hy experiments. Different thicknesses and qua- 
lities of hells require different hammers. I have generally 
found that large hells whose diameter =12 x the thick- 
ness of the sound-bow or thickest part (which is the hest 
proportion) require hammers of ahout a 50th of their weight 
to hring out the full tone, and small hells require heavier 
ones. The lift has to he less for small bells than for large : 
the least that is effective in bells above 3 or 4 cwt. is 6 in, 
(measured obliquely in the direction of the motion), and 
beyond 13 in. we did not find any improvement in the sound 
of either of the great Westminster bells. Generally they are 
a great deal less either in weight or lift, and often in both, 
and therefore you hardly ever hear a church bell sound so 
loud under the clock striking as in ringing with the clapper. 
Thinner bells, as the larger ones of peals usually are, do 
not require such heavy hammers as thick ones ; but it must 
be remembered that no hammer arrangement will get as 
good a sound out of a thin bell as a thick one, because it is 
radically inferior both in quantity and quality of sound. 
But I shall have more to say of that in the chapter on bells 
hereafter. I only add a word of warning against a piece of 
Ignorance by which I remember a very fine old bell being 
cracked in a few months — viz. making the clock hammer to 
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strike it with a sharp edge instead of a flat or slightly rounded 
face, as it ought to be. 



DIALS. 

The striking of church clocks, and perhaps of public 
clocks in general, is of more value than their dials, except in 
places where the public congregate. Indeed dials a good 
way above the eye are of no use for indicating the time 
very accurately, on account of the parallax which affects the 
minute hand, except when it is nearly vertical. Moreover 
many church towers would be utterly defaced by dials; 
And it is to be hoped that the splendid church of St. Mary*s, 
Beverley, now that its fabric has been restored to a condi- 
tion worthy of its architecture, will not long retain those 
abominable dials in the tower windows, which belong to the 
age when the inside of the church was divided into private 
boxes, in which people might eat their dinner or play at 
cards without their neighbours or the clergyman knowing 
anything about it. 

But as dials must frequently be used, architects might as 
well condescend to learn something of their proper size, as 
they profess to provide places for them, as they do for bells, 
frequently in utter ignorance of what the provision ought to 
be. Luckily there is such a simple rule for determining it 
generally, which has now been long published, that they 
have no excuse for doing it wrong. That rule is that the 
diameter of the dial should not be less than a tenth of the 
height of its centre from the ground. If you want to verify 
this you have only to look at the dials of the Leeds Town 
Hall, planned by an architect with the usual knowledge of 
such things, 150 feet high and only 11 wide ; and those of 
the Bradford Town Hall are no better, but I do not know 
the exact height ; or that of St. Pancras Church, 6^ feet 
wide and about 100 feet above the ground. The neigh* 
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bouring railway station however has inside it a la)*ge dial 
15 feet wide, at the height of 55, looking down the 
largest space under one roof without pillars in the world, 
viz. 700 feet long and 240 wide (tl^e length of the 
transept of St. Paul's Cathedral, and more than the length 
of the nave of any cathedral except Norwich, Winchester, 
and St. Alban's, the longest of them all). The external 
dial of that station is rather too small ; but that, and some 
others which comply with the above rule are given in this 
Ust, which I have compiled from various sources. 







Dials. 


Diameter. Height. 








ft. 


in. 


ft. 


Mechlin . . • 




I • 


40 


about 300 


Westminster 




4 . • 


22 


6 


. 180 


St. Paul's Cathedral 




2 . 


17 


• 


• 126 


Shandon Church, Cork 




4 . • 


t6 






Pancras Station • 




4 • 


12 


9 


. . 150 


Scarborough old Church 




I • . 


12 




on a hill 


St. James's, Piccadilly 




4 . 


10 






King's Cross Station 




4 • • 


9 




. . 90 


Bow Church 




2 • 


9 


, 


• 70 


Manchester Infirmary . 




4 . . 


9 




. . 80 


Royal Exchange 




4 . 


9 


• 


90 


St. George's Church, Leeds 


3 • ' 


8 


4 


.- 57 


St. Martin's in the Fields 




4 • 


8 






Horse Guards 




2 . • 


7 


5 




Marylebone Church . 




3 • 


• 7 




about 60 


St. Luke's, Chelsea 




4 


. 6 


10 


72 


The Queen's Stables . 




2 • 


. 6 


10 


about 50 



But if dials are sometimes too small, the opposite mistake 
is often made, of figures much too large, which is not a 
compensation but an aggravation of the evil, for they pmc' 
tically contract the size of the dial, in two ways ; first by 
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oontraoting the plain snrface in the middle, over which the 
hands are most distinctly seen ; and secondly, the larger 
the figures are, the more they ran into each other and fill 
np the space of the figure ring itself, and make it still more 
difficult to distinguish the place of the minute hand. Igno- 
rant people fiEtncy that you see what o'clock it is hy reading 
the figures ; as if any single figure which you see in a clock 
dial indicated the figure which you read off; except for the 
hour hand, and the hour also is at once recognized by the 
position of the hand. You see the long hand pointing to 
ViU, and you say, ' 20 minutes to something.' Both for 
the hours and the minutes everybody really judges from 
the position of the hands, and 12 large spots would do 
as well or better than figures. I have several clocks without 
any figures at all round the principal dial, only 12 strong 
marks ; and I never found anybody who even observed the 
fact that the figures were absent until it was pointed out 
to him, or complained of the want of them then. I came to 
the conclusion after various trials, that the figures and 
minutes together ought not to occupy above one third of 
the radius of the dial ; the figures may be two thirds of that 
one third ; and the minutes from half to two thirds of the 
remaining one ninth of the radius, with every fifth minute 
strongly marked by a larger spot than the others. The 
Westminster dials might have been clearer, considering their 
great size. They are not of my design, except that I gave 
the architect some suggestions for them, which are partly 
followed and partly not followed. They are unnecessarily 
confused with iron frame-work, and the clear space is un- 
duly contracted by some broad rings supposed to be orna* 
mental. The Midland Station dials are much better. 

The only colours that seem to answer for dials and hands 
are black or dark. blue with gilt figures and hands, or some 
very light coloured ground, such as white glass, with black 
bands and figures. Good gilding will last fifteen or sixteen 
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years, as at the Boyal Exchange, in the worst London 
atmosphere : bad gilding of course wants renewing mnch 
oftener, and is probably the dearest. Gilt hands on a 
light ground are a complete failure. The external counter- 
poises, if there are any, should be painted the same colour 
as the ground of the dial, except where they are very short 
in proportion to the hands, as at Westminster, in which 
case they cannot be mistaken at any distance for the hands 
themselves, and practically increase their visible length. 

Dials may be made of almost anything — stone, slate, 
plaster, brick, iron, copper, and many old ones are of wood, 
which however is the worst of all, as it always shows the 
joints. In many casea the stone of the tower makes the 
best dial. Generally it requires painting ; but if it is such a 
stone and in such a position that it will keep nearly white, it 
will do very well with only the black figures and minutes 
painted on it, and black hands, but by no means gilt ones. 
Dials on brick work must of course be painted. It is quite 
a mistake to suppose that a dial requires a very smooth 
surface. Some of the most distinct I have ever seen are 
painted on rather rough stone work ; and brick will do as 
well, either all flat, or with the figure circle a raised ring of 
iron, or of any plaster that will stand. There are many 
dials of cast iron ; but I should nevec make more than the 
figure ring of iron, unless there is a large hole in the wall 
which wants covering ; and even then it is generally better 
to fill it with glass, which has all the effect of a dark ground 
outside and is often convenient within. Slate makes a good 
dial, but if it is not painted it becomes a pale grey colour. 
I believe 6 feet diameter is the largest size that can be got 
in one piece, but the joints are almost invisible if well done. 

Copper dials are the commonest of all, and up to a 
moderate size, probably the cheapest, except of course 
when the dial is simply painted on the wall. But they are 
generally made in the very worst form that could be 
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invented, viz., convex : the effect of which is that the point 
of the minute hand is thrown a long way off the dial, and 
the parallax is so great that yon cannot tell what it is 
pointing at, except when it is nearly vertical, when seen 
from helow, as a pnhlic dial always is. One way to avoid 
thb is to countersink the middle, in which the short hand 
travels, leaving the long hand to lie close to the raised figure 
ring. I have lately seen some dials made of mosaic work, 
like pavements, hy Messrs. Bust, of i6, Alhert Embankment, 
which look very well, and the price was not more than of 
copper dials ; and they can easily be made concave. 

Concave dials.— It occurred to me some years ago that 
all the convenience of the light copper dials might be got, 
Vfdth even more closeness of pointing than in a flat one, and 
Vfdth as much stiffness as the convexity gives, and with less 
distortion of appearance, simply by making them concave 
instead of convex. If you draw a vertical section of a 
convex and a concave dial, and three lines of sight, from the 
top, the bottom, and the middle of each, to a spectator in 
the street, you will see at once that the convexity makes tho 
upper half appear much smaller than the lower, whereas in 
the concave one the two halves appear even more alike in 
size than in a flat dial ; and the closeness of the hand pointing 
is evident. There are now a good many of such dials, and 
no one who has seen them can fail to perceive their supe- 
riority to convex ones. 

Hands. — Large clock hands are so universally made of 
copper that it is hardly worth while to notice any other 
construction. There is indeed — or was, a notable exception, 
in Sir C. £arry*s famous gun-metal hands at Westminster, 
which is not likely to be repeated. The hands of the clock 
at old Doncaster church, which perished in the fire of 1853, 
were of mahogany, and stood very well ; but I should think 
copper ones are lighter, even including the stalk or centre 
piece. Where they are very large, say 5 or 6 feet long, the 
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boat form for them is that of the miDute hands at West- 
minster, viz. a tube of thin copper, "whose section is two 
segments of a circle, with a few diaphragms at intervals of 
about 2 feet to keep them stifif. The strength of this 
construction is enormous, and it is also good for throwing off 
snow, which sometimes accumulates on hands with broad 
edges heavily enough to stop the clock. SmaUer hands 
may be made quite strong enough with a convex front and a 
flat back, the section being an arc and its chord, or even as 
a single flat piece of copper with the edges turned over 
square. A mere rib or hollow bead raised along the middle 
of a hand makes it strong enough for all ordinary sizes, but 
it does not look well. * Galvanised* sheet-iron hands 
have been tried, but the zinc peels off, and they must 
be pronounced a failure. The minute hand should always 
be straight, and plain, with a bluntish point. At the 
broadest part, or near the dial centre, it should be about 
a 13th of its length, tapering to about half as much near 
the point. The hour hand should be the same breadth, 
ending just short of the figures in a broad piece called a 
heart, of any shape you like. 

There should always be some external counterpoises to 
large hands, both for wind and weight. They should not be 
above }i the length of the long hand, and should be broad, 
but of a shape not to be confounded with the heart of the 
hour hand. The advantage of counterpoising the hands to 
some extent for the action of the wind is evident ; and the 
other use of an external counterpoise is to diminish the ten- 
dency of the hand either to twist the arbor, or what is more 
likely, to work itself loose and shake over from one side to 
the other every time it passes the vertical, as Reid says the old 
hand of St. Paul's cathedral used to do, and as Sir C. £arry*s 
heavy hands did at Westminster to such an extent as to stop 
the clock. The only way to prevent this shake is to fit the 
hands on a tapered square or hexagon at the end of the 
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arbor, and not a prismatic one. The latter may be called 
engineers' fitting, and is perfectly right for many purposes, 
but perfectly wrong for this, for which the old clockmaker*s 
taper fitting alone will answer. It is found better not to 
put the whole counterpoise for very long hands outside: 
from one third to one half is quite enough, leaving the 
remainder to be done by adjustable counterpoises inside, 
which should be long rather than short, as they then do 
the same work with less weight and friction on the arbor. 

ninminated dials. — Occasionally it is possible, as at 
the Horse-Guards east dial, to illuminate a common white 
dial by reflection from a lamp on a roof projecting below it. 
This answers well enough for dials to be seen a short 
distance only, in the few cases where it can be done. Where 
it cannot, the common way is to make the dial of glass, or 
all of it except the figures and tiie rings to connect them, 
which form a solid framework of cast iron. The glass is 
ground behind, or painted, or covered with muslin stuck to 
it, and gas lamps are put behind it. But all these things 
have such a bad appearance by day that the advantage of 
illumination is dearly purchased at that cost. Now how- 
ever a white glass is made by Messrs. Chance of Birming- 
ham, and perhaps by other makers, which forms a very good 
and always clean white dial bjr day (if left open for the rain 
to wash its face) and a bright one by night : the hands and 
figures must be black as with other white dials. It should 
be 3-i6ths of an inch thick, or 22 oz. to the square foot; 
the middle of large dials has to be in two or three pieces, 
which must be divided by bars not radial, or they will 
look like hands at night ; and all but the figures and minutes 
should be gilt. 

The gas lamps of illuminated dials are generally kept 
alight all day, turned down as low as they can be without 
going out. They are usually turned down in the morning 
and up at night by a 24 hour wheel in the clock, which has 
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pins screwed into its rim and taken ont again from time to 
time by the man who takes care of the clock. So long as 
any of the pins are in the position to hold np a weighted 
lever connected with the gas cock, it is iomed down, and 
when the lever drops off it is tamed up. In the Westminster 
clock three fan-shaped pieces were prepared on a 24 ho^r 
arbor, which can be opened out to 18 hours or contracted to 
6, according to the length of illumination required ; but it 
was afterwards determined by the authorities to turn the gas 
completely off and on by hand. There was a clock in the 
Exhibition of 1851 with completely automatic or self-adjust- 
ing machinery for turning gas off and on at the proper time 
throughout the year; and Gillett and Bland did the same 
in the Bradford Town Hall clock ; but the tower is so small 
and crowded with bell beams, that they were actually hot 
^y d^'y^ ^^^ I advised putting out the gas by day at least. 
The machinery puts it quite out now. It cannot be done at 
all accurately by -any uniform automatic motion, because the 
clock times of sunrise and sunset vary irregularly from the 
equation of time (p. 6 ), and very slowly near the solstices, 
but at other times from 12 to 15 minutes a week. 

It is desirable to have a wall, if possible, behind illuminated 
dials, instead of having them practically in the clock room ; 
partly because the wall may be made useful as a reflector, 
and so save gas, and also because it protects the clock itself 
both from ^e variations of heat and from the watery 
vapour caused by burning the gas. Beflectors are a great 
saving of light and of cost. It must be remembered also 
that the counterpoises of the hands on glass dials must 
neither be long ones outside, nor immediately behind the 
glass inside, or they will cast a shadow and be confounded 
with the hands at night. There should always be ventila- 
tion over illuminated dials. 

Dial wheels. — The construction of the dial-work of large 
clocks differs very little from that of small ones. The principal 
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difference is that the nnmbers of the wheel teeth are differently 
distributed. Instead of two equal 60 min. wheels, there is a 
pinion on the minute-hand arbor which drives a wheel corre- 
sponding to the wheel N in pp. 134, 164, 168, only moving 
slower; and that wheel has a pinion on its arbor which drives 
the hour-hand wheel as in house clocks. If 1 1^ are the num- 
bers of the wheels and p Pi of the pinions, they have only to 

satisfy this condition, — ^ =12, bearing in mind also that, 

from their position, the radius of one wheel must be as much 
less than of the other as that of its pinion is greater. The 
larger wheel is generally put on the hour-hand arbor. The 
most convenient numbers are 90 and 100 for the wheels, 
t^d 25, 30, for the pinions, or in smaller clocks 72, 80, 
and 20, 24. 

The bevelled wheels leading from the clock to the dials 
ought to be of a good size, not less than 5 inches wide in 
small clocks, and 7 to 9 inches in large ones. They need 
not be very strong, as they have only to move the hands ; 
but the advantage of their being large is that any given 
amount of shake in the teeth allows less angular motion of 
the hands. In the old way of fixing clocks on a stool in the 
middle of the room, which I have already shown to be the 
worst, there was generally a vertical rod from the clock 
running up the middle of the room, with 2 horizontal 
bevelled wheels, one on the bottom worked by the clock, 
and the other at the top working 4 others leading to each 
dial; and in that case it is necessary that the bevelled 
wheels on the^vertical rod should be larger than all the 
others, both the first one in the clock, and the others leading 
off to the dials : otherwise the 4 leading-off wheels will take 
into each other as well as into the horizontal wheel. Where 
the vertical rod does not lead into the middle of the room 
this does not occur, but there must then be two nests of 
3 wheels each, if there are 4 dials, besides the two wheels in 
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tho clock. I have seen several more wheels added, through 
a singular piece of ignorance that it is not the least necessary 
that the rod which leads upwards should be vertical. I was 
rather glad that it was necessary to put it very oblique in 
the Westminster clock as an example of such treatment (see 
frontispiece). With bevelled wheels of the common shape, 
intended to lie at right angles to each other, the rod must 
be in a vertical plane parallel to the clock wheels, but there 
can seldom be any difficulty in that : if there should be, 
the bevelled wheels have only to be made for the proper 
angle. 

Even in such a clock as that of the Boyal Exchange, 
undoubtedly the best that had been made up to that time, 
the odd mistake was committed of supposing that nests of 
bevelled wheels could not be connected obliquely. When I 
remodelled the clock in 1854, 1 removed all the intermediate 
bevelled wheels, and connected the central nest of them with 
the one in the clock by an oblique rod, like that of West- 
minster. When there is only a small parallel displacement 
it is managed by a loose cross riding with sufficient play 
endways in the sockets of two half universal joints on the 
rods. Where the rods are too much out of the straight line 
for that, a short oblique rod is interposed with common 
universal joints at each junction, and these will do well 
enough where the obliquity is not very great, provided 
always the oblique rod lies between two parallel ones ; other- 
wise the velocity is not uniform. But where the obliquity 
is great, rigid rods with the bevelled wheels on them are 
better, for the wheels may be at any angle. Neverthe- 
less universal, or half universal joints, are properly used 
wherever a rod is either too long to do without several 
supports, or where there is any risk of there being an 
unequal strain upon it in one direction, or where bevelled 
wheels can be saved by a jointed rod with very slight 
deviation from straightness. Turret clocks are generally made 

Q 
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with the minute-hand on the internal dial taming the wrong 
way round, to provide for the case of the external dial arbor 
being able to go straight through the wall from the back of 
the clock, as it does when the clock can be placed imme- 
diately behind a single external dial. 

I have lately seen a new kind of universal joint, almost 
ridiculously simple, in an universal or any-way-pointing drill, 
called Morrison's, from America. If you take a common spiral 
wire bell-spring and twirl one end of it while you hold it bent at 
any angle, the other end will twirl uniformly ; which is cot 
the case with very oblique universal joints. This kind of 
connection might often be used with advantage in leading off, 
and with less loss of force than from the friction of bevelled 
wheels, though of course there is some slight loss of force in 
continually bending the spring. The spring must be strong 
enough not to let the wind move the hands. 

Sometimes the clock has to be placed a long way below 
the dials, 30 or 40 feet or more, and then it is necessary to 
provide both for the weight and 

the want of stiffness of such a ^^'^ ' 

long leading-off rod ; and this 
is best done by a pair of fric- 
tion plates and rollers at the 
top. The lower plate is set 
on the beams which carry the 
nests of bevelled wheels or 
motion work : on that lie three 
small flat cheese-shaped rollers 
on a horizontal tripod, with a 
hole in it for the long rod to 
go through quite loosely ; and the other plate is fixed to the 
top of the rod, which is in fact hung by it, the rollers caiTy- 
ing the -weight, and with no sensible friction on their own 
centres, for the three-legged pivots have no weight upon 
them. This kind of suspension is also used for heavy 
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weathercocks which work a wind-dial inside the house, and 
the ease with which a very heavy weight can he tnmed in 
that way is surprising. 

Weathercocks. — ^As these are generally fixed hy clock- 
makers in such cases as those last mentioned, I may as well 
mention that a weathercock which is intended to answer 
steadily to the wind, ought not only to he long in the vane 
and thin in the tail, hut equipoised ; and so far from the vane 
heing perforated for ornament, it should he douhle, with the 
two flat sides or vanes spreading out at a small angle from 
the axis. When the cock works a dial it must he fixed to a 
rod working loosely in a tuhe, and the top of the tuhe covered 
with an inverted fannel on the rod ; as also the rods or wires 
which work the clock-hammers should he funnelled, over a 
short pipe soldered to the leads, wherever they are exposed 
to rain : otherwise the wires lead down the wet into the 
clock. And the weights and ropes should be enclosed in a 
case to keep them from the rain and wind, if they are in an 
exposed place. (See also p. 395.) 

Ventilation of clock-room. — The clock-room at the 
Exchange was at first made with the object of keeping out 
the dust and damp in every possible way : even the sHts in 
the floor for the ropes had sliders to them ; the clock was 
enclosed in a glass case, the plate-glass cover originally 
placed over the escapement being found not enough to keep 
it from the damp. When the clock was repaired, and some 
of the brass-work replaced with iron in 1854 (for a reason 
which I shall mention hereafter), I suggested the removal of 
all this glass, and encouraging instead of preventing a draught 
through the room. This was done ; and although the wet 
used to stand in drops upon the clock before in damp weather, 
it has been perfectly dry -ever since. The same thing has 
been found in small clock-cases : they may easily be too air- 
tight. I do not mean that there is any objection to enclos- 
mg a clock in a case, and of course it is absolutely necessary 
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where the dock-room cannot be kept locked against every- 
body but the man who has the care of it ; only there should 
be a draught through the room, and the case itself not too 
close to let air through it. If the room can be kept warm 
enough to prevent the damp from condensing on the clock it 
is better still. 



TRAIN REMONTOIRES. 

I have postponed this branch of the subject till I had gone 
through all the more ordinary work of turret clocks. A train 
remontoire differs in principle from a remontoire escapement 
(of which I have already treated) only to this extent: the 
small weight or spring which gives the impulse to the pen- 
dulum is not wound up at every beat, but at some longer 
intervals, seldom more than half a minute ; or the remontoire 
work, you may say, is put one step farther back, acting on 
the scapewheel instead of on the pendulum. So that if a train 
remontoire of constant force and friction is made to act on a 
dead scapewheel, the only variation of force to which the 
pendulum is subject will be that arising from the pallet 
friction. In small clocks the variations of the pallet friction 
are generally much greater than of the train friction, and 
therefore a remontoire would be of little or no use ; but in 
large clocks with heavy wheels and large hands to drive, the 
contrary is the case ; and there accordingly, either a train re- 
montoire or a remontoire escapement is of great use, provided 
they really do what they profess — ^which many of them do 
not. 

The simplest form of train remontoire acting by a weight 
is that described in Beid*s book, on the endless chain principle, 
which I have already described for a going barrel at p. 148. 
The scapewheel is not driven by the clock train, but it has a 
spiked pulley pn it which carries one loop of the endless 
chain, and the other is carried by a similar pulley on an arbor 
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driven by the train and taming in the same time as the scape- 
wheel. This remontoire arbor has a few long spikes sticking 
out from it, at different distances along the arbor, and they 
are just long enough to reach the middle of the scapewheel 
arbor, and can slip past it through a nick cut for the purpose, 
whenever that nick comes into the right position, which it 
does once in every turn of the scapewheel ; then the re- 
montoire arbor turns and winds up the endless chain a little 
until the next spike falls against and is stopped by the scape- 
wheel arbor, till its nick also presents itself and lets that 
spike slip through, as you see in this drawing. 

Nevertheless, that construction is far from satisfying all 
the conditions of a remontoire. The action of a chain 
cannot be made smooth and uniform, and a rope or string 
passing only half round a pulley is sure to slip in time, and 
so the remontoire would fail. Moreover, Reid says that 
although the Edinburgh clock went very well for a time, yet 
it became necessary to remove the remontoire in consequence 
of the banging of the spikes against the scapewheel arbor. 
That however would be easily cured by a fly ; which may 
now be considered a necessary element of every remontoire : 
for there are several other kinds. 

One is the bevelled wheel remontoire, which was used in 
many of the French turret clocks in the 185 1 Exhibition. I 
have already explained the principle of it, so far as the 
bevelled wheels are concerned, at p. 146 ; but something 
more is now required. In flg. 47 {t. 0.), consider the dark 
disc F G and the pulleys omitted for the present (we shall 
want them presently for something else). X is*part of that 
wheel of the clock which would naturally drive the scapewheel 
ft if there were no remontoire, and if it were fixed to the arbor 
of the pinion t which X does drive. It also drives another 
pinion P on an arbor P Q which I call the remontoire arbor, 
because it carries two long spikes not quite in the same 
straight line, or not at right angles to P Q, which can pass 
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Fig. 47. 
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alternately throngh two nicks in the scapewlieel arbor. When 
the arbor is stopped the train and the wheel T do not move ; 
but the weight of the middle bevelled wheel B, with any weight 
(+ or — ) attached to it, always presses down the far side of 
wheel S, and of the scapewheel b fixed on the same arbor, 
and that force is practically constant. When the scapewheel 
arbor lets a remontoire spike pass, the pinion P turns half 
round and lets the train move a little, and lift up the right 
side of wheel R, and therefore lift up its centre half as 
much, and then the other spike is held by the scapewheel 
arbor. The fly may be driven by the wheel D anywhere, 
either on the remontoire arbor or any other. We shall see 
another way of driving it presently. 

Contmuous motion remontoire. — In connection with 
this I will describe a remontoire exhibited in 1851, by 
Messrs. Wagner, the great turret clock makers of Paris, for 
the purpose of getting a continuous motion for telescope- 
driving clocks, or clocks to drive a barrel on which times of 
observation may be recorded at less intervals than a second, 
with, all the advantage of a vibrating instead of a revolving 
pendulum. The action for the vibrating pendulum which is 
driven by the scapewheel b is exactly what I just now 
described, except that there is no spike wheel and no sudden 
letting off. Instead of that there is a large pulley f on the 
arbor of the wheel T which lifts the remontoire arm V R W. 
This pulley drives a much smaller one on the arbor of a fly 
F F, which runs inside a tin drum without a bottom, which 
is hung over it by two wires W W from the end of the re- 
montoire arm. The weight of the drum is counterpoised so 
as not to let it preponderate too much. The fly is the thing 
which regulates the velocity of the clock tram, which is 
always moving ; the farther the drum falls over it and outs 
off the air within from the air outside, the faster the fly will 
turn, and vice versa ; and things are so adjusted that the 
continuous motion of the clock train driving the fly will just 
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keep pace "with the average motion of the scapewheel driving 
the pendulum by beats as usual. If the clock falls behind 
the proper speed the remontoire wheel and its drum falls a 
little and lets the fly go quicker, and if too fast it rises and 
the velocity of the fly is checked. The one in the Exhibition 
seemed to go very steadily ; and as there is nothing in all 
this at all difficult to make, I am surprised that more com- 
plicated contrivances should be used for such purposes as I 
have mentioned. 

Mr. De la Bue and Mr. Cooke appear to have hit simul- 
taneously on the following plan for a telescope-driving 
clock, which retains the advantage of a vibrating pendulum, 
and may have a gravity escapement also. In the figure at 
p. 230 suppose the two opposite bevelled wheels to be re- 
spectively fixed on the ' centre arbors * of two clock trains, 
the left hand one ending in a vibrating pendulum, and the 
right in a conical pendulum or a fly. And let the arbor of 
the intermediate wheel (omitting all the wind apparatus 
F G F) be held by a spring instead of the constant weight 
C. At every beat of the pendulum the left hand train will 
stop for a moment, but the fly-wheel train, of which the 
barrel is to drive the telescope, will go on by its own 
momentum, and because the spring allows the intermediate 
wheel, and therefore the right hand wheel and its train, to 
move a little. If that train is inclined to go too fast, the 
spring will diminish the force upon it ; and if too slow, will 
increase it. Of course the weight and fly are to be adjusted 
so as .to make that train go naturally as nearly as possible 
' with the other. 

A still simpler telescope-driver was invented by Mr. R. F. 
Bond, of Boston, U.S., brother of the well-known Professor 
of Astronomy there. As.I understand the description, one 
arbor of the clock has two wheels on it, one fixed, and the 
other connected with it by a spiral spring. The second of 
these wheels is either the scapewheel or the one below it, 
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and the other nltimately drives a fly» which allows the train 
to go continuously, the spring equalising the force sufficiently 
at every heat. Mr. Cooke said it did not answer, hut 
Mr. Bond replied with a testimonial from the late Bev. 
W. E. Dawes, F.K.A.S., who had the reputation of heing 
the best observer of his time, that the * performance was 
exquisite; that it kept the thread of the micrometer 
dividing a star for nearly an hour together with a mag- 
nifying power of 800 or looo on, and that no jerk or 
interruption was perceptible.' Lord Lindsay, P.E.A.S., 
invented another, too complicated to describe here, on the 
ground that neither Cooke's nor Bond's clocks would drive a 
large telescope fitted with spectroscopic apparatus steadily 
enough for that purpose.* 

The Royal Exchange clock was originally made with a 
gravity remontoire, though it was afterwards altered. 
Instead of bevelled wheels, Mr. Dent used an internal wheel, 
i.e, one with teeth on the inside of the rim, instead of the 
outside. That wheel D (fig. 48, t, 0,) had the letting off spikes 
on its outside; at least a wheel on the same arbor had, 
which is the same thing. It was driven by the centre 
wheel of the clock, and whenever it moved it lifted the 
remontoire arm and weight by means of the small wheel B 
lying between the internal teeth and the wheel C on the 
arbor of the wheel F which drove the scapewheel: that 
arbor being of course independent of, though in the same 
line with the arbor of the wheel D and its pinion. The 
remontoire was let off at every 20 seconds ; which however 
is not so good an interval as 30, because it is not easy to 
distinguish whether the hands are pointing to 10 seconds 
before or 10 seconds after the half minute; whereas it is 
perfectly easy to see whether they are pointing to a minute 

* All tboae contriyances are described in the H.A.S. Notices, 
rols. 27 and 33, and Eorohgieal Journal of February and 
^pril 1868. 
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or a half-minute, if the dial is properly made, as I have 
already described. This facility for taking the exact time 



Fig. 48. 




from the dial by the jump of the hands is one of the advan- 
tages of a train remontoire, where the momentum of the 
hands is not too great. 

There is yet another way of making a train remontoire 
without either bevelled or internal wheels. In fig. 49 (next 
page) E is the scapewheel, and e its pinion driven by the 
remontoire wheel D which rides with its pinion d fixed to it 
on a stud in the remontoire lever A P. The centre wheel C 
drives that pinion and a smaller one g on a wheel which 
drives another pinion / on the fiy arbor, which has also the 
remontoire spikes A B attached to it. The numbers of the 
teeth are so arranged that the fiy will turn once for each 
turn of the scapewheel, and the scapewheel arbor has only 
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two notches in it, so as to let off one remontoire spike every 
30 seconds. It is evident that the scapewheel is always 
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driven by the remontoire wheels and weight, and not affected 
by the clock train. There were several French clocks of 
this construction in the Exhibition of 1851, but they all 
had the fly driven by an endless screw, which is objection- 
able because it involves an immense amount of friction, 
and the motion of the train was so slow that you could 
hardly distinguish the jump of the hands. 

Spring Bemontoire. — But it must be observed that all 
these gravity remontoires are still subject to the friction of 
the remontoire wheels themselves, which is not incon- 
siderable, although it is much less, and less variable, than 
that of the clock train and hands. To avoid this, it was 
long ago attempted to contrive a spiral spring remontoire 
which would drive the scapewheel without any sensible 
friction. One of these is described in Beid's article in the 
seventh edition of the EncyclopcBdia Britannica ; and another 
was invented by Sir G. Airy,* and two or three specimens 
of it were made by old Mr. Dent. They all went on the 
plan of connecting two wheels, or a wheel and pinion, on the 
same arbor by a spiral spring, one being fixed to the arbor 
and the other riding upon it ; and the consequence was that 
the scapewheel was always subject to the friction of the 
other wheel set upon its arbor and pressed tight upon it by 
the action of the spring, which was probably worse than the 
ordinary friction of the train ; and they were all failures. 

This difficulty however may be got over by a very simple 
contrivance which I invented in 1849, and which was used 
in several large clocks, and would have been in many more 
but for its having been superseded by the cheaper and 
simpler gravity escapement already described (p. Z2T to 
132). In fig. 50 (next page) E is the scapewheel and e its 
pinion, not fixed to the arbor of E nor riding upon it, but 
upon an independent stud k screwed to the clock frame. In 
front of the pinion a small bush is pinned on to the same 
* See Horologtcal Journal^ zvii. 22. 
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stud, which carries the pivot of the scapewheel arbor, on 
which is set a large watch spring s, of which the outer end 
is held by a pin h screwed into a small plate fixed to the 
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£roa( of the pinion, so that the pinion acts on the scape* 
wheel by the intervention of this spring without any fric- 
tion except that of the coils of the spring upon each other, 
if they touch at all. The wheel D which drives that pinion 
also drives another on the fly arbor /. If the scapewheel 
turns in a minute, there will be two nicks across its arbor, 
as in fig. 47, for the remontoire spikes or stopping springs 
to act upon. But if it turns in two minutes, as the pin 
scapewheels generally do, a different plan is adopted : the 
scapewheel arbor is then brought through to the front of 
the clock frame and has a small steel cylinder set upon 
it, with two nicks across its face, not its side, one broad 
and shallow and the other deep and narrow; the remon- 
toire springs set on the two arms of the fly have corre- 
sponding shapes, so that one will pass through the broad 
nick only and be stopped by the narrow one, and the other 
will pass through the deep nick but be stopped by the 
shallow one. The fly in this case makes half a turn for 
every quarter turn of the scapewheel, and therefore its 
pinion must be only half the size of the scapewheel pinion. 
In very large clocks such as the Exchange, in which the 
gravity remontoire was replaced by a spring one in 1854, 
the fly is made separate from the remontoire arms, with 
a ratchet and click as usual to let it run on a little by 
its own momentum ; but in smaller ones it does very well 
to put the remontoire spring stops on the fly itself. 

The wheel shown at F with a kind of detent in it, is for 
setting up or letting down the spring with reference to the 
remontoire arms, and so increasing or diminishing the force 
on the scapewheel. 

This was the construction of old Mr. Dent's large clock in 
the 185 1 Exhibition, now at King's Cross station, which was 
found only 3 seconds wrong at the closing of the Exhibition, 
though it had never been altered during the 24 weeks it was 
there, after its preliminary regulation. I never knew any clock 
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with such a rate as that, and yet it has only a common 
unjewelled pin- wheel escapement, and a i^ sec. zinc and 
iron pendulum, and most of the wheels are of cast iron. It 
has sometimes gone since for several months together 
without any noticeable variation. 

The Exchange clock was immensely improved by that 
alteration, and made as good as that of the King's Cross 
clock in general, but I have no exact record of its rate. 
I must confess however, that this kind of remontoire is 
not safe to put into clocks left in any common hands, as I 
have found by experience that the first time the clock wants 
cleaning or repairing — or even without that opportunity — a 
stupid workman, or master, makes a point of destroying the 
remontoire. I knew one case where it was done as soon as 
an ordinary clockmaker got the care of it — and that at 
Manchester, the city of machinery. This cannot happen 
with a gravity escapement, which is also much cheaper. 
The Exchange clock has been altered by Gillett and Bland 
t6 the double three-legged gravity escapement, which is now 
the standard one for all large clocks. Therefore it is no 
longer necessary to explain further details of the spring 
remontoire, as in former editions. 

Ca.st-iron wheels. — The success of the contrivances for 
cutting off the variations of force from the pendulum led to 
another alteration which helped to reduce the price of large 
clocks considerably ; and that was the making all the wheels 
below the escapement, and all the dial wheels, of cast iron 
instead of brass or gunmetaL Mr. YuUiamy had before 
recommended that as a good construction for cheap clocks, 
but it had always been thought that they could not be also 
good ones on account of the greater Miction of the train. 
I believe that apprehension was very much exaggerated, even 
for clocks of the common construction, provided of course 
the escapement is light and well made ; but as soon as you 
cut off the friction of the train from affecting the escapement 
it is obvious that cast-iron wheels are just as good as brass 
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or gnn-metal. The clockmakers in general violently de- 
nounced it, probably for no better reason than that it 
lowered their prices enormously, the price being now only 
;£ 2 CO for clocks of greater power and far greater accuracy 
than those for which ;^5oo used to be charged not many 
years ago. 

The cast iron wheel controversy came to a head in some 
of the Lancashire papers soon after the making of the clock, 
from my design, for the Manchester Infirmary; and the 
advocates of brass wheels had clearly no case whatever. 
Their three points against cast iron were friction, rust, and 
liability to break. The friction of the train is absolutely 
immaterial with a remontoire, or a gravity escapement, and 
no large clock can go with great accuracy without some 
such contrivance. The next objection is obvious nonsense, 
because all except the acting surfaces are painted, and they 
are of course oiled as in all other iron wheel machinery. 
The liability to break is a mere question of experience* 
Those who condemn them for clocks must be very ignorant 
of the extent to which cast iron wheels finer than are ever 
used in church clocks are used in every factory in Yorkshire 
and Lancashire. I made particular inquiries once as to the 
sizes down to which the teeth are cast in iron wheels for 
spinning machinery (for that is what I mean by cast iron 
wheels), and I found that they are cast with quite sufficient 
accuracy with teeth as small as ^jxo inch thick ; which is 
smaller than any I have seen used in clocks, because there 
is very little saving in cost in using iron wheels so small as 
that. The great saving of course is in the large wheels of 
the train, and the dial and bevelled wheels, of which a good 
many of the same pattern and no very fine pitch are required. 

Before I leave the cast iron wheels I should observe that 
they work better with cast iron pinions than with steel 
ones : indeed cast iron and steel seem never to work well 
together^ at least m no clo^-work that I am acquainted 
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with, if there is much pressure hetween them. I have sees 
cast iron fly ratchets used with steel clicks, by clockmakers 
who would not listen to the proposal of iron wheels and 
pinions for any but the commonest clocks, and they had to 
be removed, and replaced either by wrought iron or brass 
ones. I have seen and heard of brass teeth worn out in 
an almost incredibly short time, long before iron teeth in 
the same clock showed any signs of wearing. Moreover 
few people have any idea how rapidly brass is corroded 
and in fact destroyed by such an atmosphere as that of 
London and other large towns. I have several times seen 
the brass tubes which had been used in dial work, and thin 
pieces of brass elsewhere, brought back to be replaced with 
iron because they had become completely rotten. It was 
so at the Royal Exchange in eight years. 

In this respect gun-metal is better, which is copper and 
tin instead of copper and zinc, but for large wheels it is no 
way superior to iron; and it is generally made too soft. 
It is equally absurd to polish iron work, except the acting 
surfaces ; that rusts even sooner than brass begins to cor- 
rode ; in fact very often in a week after the clock is put up. 
Then somebody who has the care of it floods it all with oil, 
and it is filthy ever after. The only proper rule to lay down 
is that all non-acting surfaces should be painted. In the 
Westminster clock even the small brass wheels in the 
escapement are painted like the iron ones. 

The truth is that all this * finishing ' of non-acting surfaces 
is what old Dent used to call * working for fools.* It has 
literally no other object (as plenty of clockmakers have 
confessed to me) than to make an impression on the ' fools ' 
(in and out of the trade) who go to see a new clock in the 
first month after it is put up, and never see or want to see 
it again. Such people as these think it a much finer thing to 
have a clock look bright for a month and never keep time 
within a minute a week — or a day, for what they know — 

B 
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than ' to look like a patent mangle/ but keep time within a 
second a week. 

I must warn people however against gome altogether 
east-iron clocks which got into vogue some years ago by 
their extreme cheapness, if they could be c^ed cheap at 
any price. I heard constant complaints of them, and had 
to subscribe once to help a friend to get rid of one and 
substitute another of a proper kind. I shall give presently a 
form of specification showing how much of a large clock 
may be of cast-iron. 

A few years ago I learnt when it was too late that a 
deputation from the corporation of a considerable town had 
come to London to negotiate for a first-rate town-hall clock, 
and after wandering about for some time they fell into the 
hands of * an eminent firm ' who boast of sending clocks all 
over the world, and engaged to pay them more than would 
have bought the best possible clock for one which was 
warranted to keep time within 5 minutes (not seconds) 
a week ; whether it actually does perform that feat I do not 
know, but I heard casually of some other of its successes, 
which gave hopes of it breaking down altogether. 

Another common cause of bad church clock making is the 
inveterate habit of jobbing for the benefit of a townsman by 
giving the order to a watchmaker who never made a turret 
clock in his life, and who immediately goes or writes to one 
of the few real makers for the cheapest clock that will serve 
his purpose, and probably charges for it as much as the 
people could have got a first-rate one for, if they had had a 
competition of the best real makers of large clocks, or even 
gone to one of them alone. The local watchmaker, by way 
of carrying out the fraud completely, generally insists on the 
real maker putting, not his own, but the pretender's name 
on the clock. If this were merely a question between the 
makers who consent to do so, and those who will not, I 
should leave them to find their own remedy ; but as it 
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affects the general credit of our public clocks, I think it 
right to give this warning, though it will probably not be 
read by one in a hundred, or attended to by one in a 
thousand, of those for whom it is intended. It would be far 
better to do the ^ native talent ' job in a straight-forward 
way by letting the local watchmakers draw lots for a bontis 
of ;;^2o, and then advertise for tenders under proper con- 
ditions, such as I suggest below. 

The practice of insisting on clockmakers tendering for 
bells, except quite small and common ones, is almost equally 
objectionable. Every now and then, one party or the other 
has paid dearly for it themselves ; for which also I do not 
care ; but the more material thing is, first that two profits 
have to be got out of the transaction without any real 
necessity for a middle man, and that there is practically much 
less responsibility and control than when you deal directly^ 
with the bell-founder. You might as well insist on the clock- 
maker fitting up an observatory with telescopes,* or trust a 
builder to put in painted windows and the organ in a church. 

SPECIFICATIONS FOR PUBLIC CLOCKS. 

Every now and then I happen to see specifications for 
large clocks, either prepared by somebody belonging to the 
office which has to order it, or in the form of a tender sent 
in by some advertising clockmaker, and I hardly know which 
are generally the worst, except that the author of the tender 
does know what he is about, and takes care to put in as 
many adjectives and as few substantives as he can, and the 
author of the specification never does know what he is about. 
An elaborate specimen of this kind was shown to me some 
years ago, from a Government office, which stipulated among 

* There was indeed one clockmaker quite competent to do both, the 
late Mr. Cooke, of York; but then he made the telescopes himself 
and was one of the best makers of his time. 
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' raminiUe Uaog^ Chat the pendahim was *io vibrate 
2 weonds, bat to be as long as the nxmi admitted of.' It 
ivas also to hsTe comtes copper dials a quarter of an inch 
thick, and a dsad escapanent ; which were three ^eeimens 
of the author's pnctical knoidedge of the present state 
of science. The specification^ though of many pages, did 
not contain a single thing, except the probably impos- 
sible pendolom, of the slightest valne towards securing 
what (I sappose) was wanted, either in the way of time- 
keeping or striking. Sometimes the |HOTiding of a clock and 
bells is entrosted to the architect, by people who are not 
aware that modem architects rather boast than are ashamed 
of being totally ignorant of every thing of the kind. I have 
heard people who onght to know better say, that ' the only 
way is to throw all the responsibility of eveiything connected 
wiUi the building on the architect,' and utterly puzzled when 
I asked them what those fine words meant, or what would 
they do if everything turned out wrong, as it generally does 
in that case. I will therefore give a specimen of the 
specification suitable for a large church clock, though I can- 
not adapt it to all possible circumstances ; and a much stricter 
one is requisite for a general competition than for one 
limited to a few makers whose work I know to be of the best 
kind. Indeed no specification can secure a good clock from 
a bad clockmaker ; and it ought not to be necessary to warn 
people (but I find it is) that those who blow their own trumpet 
loudest in advertisements are very often the least to be trusted, 
especially in an article of which most purchasers are quite 
incapable of judging, until it is too late. All that a stringent 
specification can do is to frighten away bad makers from 
tendering at all ; and for that purpose the first clause of the 
following form is useful in a general competition, provided it 
is certain to be enforced. 

I. To make and fix a clock with m dials of n feet 
diameter, and striking the hours and Westminster quarters, 
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on bells which are or would be the 2nd, 3rd, 4th, *j\h, and 
tenor of a peal of 8, the tenor weighing . 

2. The dials to be concave and made of copper, or painted 
on the wall, if smooth enough, or with the figures and 
minutes of cast iron, in rings. If the dials are to be illumi- 
nated they must be of cast iron, and should have opal glass 
of 22 oz. to the foot, except behind the minutes, which may 
be 16 oz. to the foot. There must be no straight radiating 
pieces of iron in the middle. [Architects should be made to 
understand (if possible) that dials intended to be illuminated 
must have a clear opening in the wall of the full diameter of 
the dial.] 

3. The long hands to have a short external counterpoise, 
painted the same colour as the dial, if not illuminated, and 
the hands, figures, and minutes to be gilt. If illuminated, 
the hands, figures, and minutes to be black, and all the rest 
gilt. The long hands to be straight and plain. 

4. The escapement to be the double three-legged gravity, 
and care must be taken to leave room for the fly of sufficient 
length, and to make the angles such as to run no risk of 
tripping, and generally according to this book. 

5. The pendulum to have zinc compensation with iron 
rod and tube, and bob not less than 2 cwt. To beat i}4 
seconds for a clock with several large dials, but may be i^ 
for a smaller clock, or if there is no room for a i ^ second 
pendulum. It is to swing 2}^^ from zero, and to have a 
block under it in case the spring breaks, and a degree plate. 

6. The clock must lie on stone corbels or iron beams, or 
brackets bolted through the wall, and the pendulum cock 
either bolted to the wall, or rising trom the clock-frame, 
which is to be generally on the plan at p. 196 of this book ; 
but the great wheel srbors are to be in drop bushes of the 
form d, at p. 192. 

7. There is to be a minute dial, and either one for seconds 
or a wheel marked for that purpose, with a fixed index. 
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8. To have the improved bolt and shutter mamtaining 
power (p. 151) or the Wesminster one for a very large clock 
The gomg part to go a little over eight days. 

9. The striking parts to be wonnd up every one or two days, 
except in small clocks [or they will never strike efficiently]. 
All the striking to be done by steel-faced cams on the great 
wheels. The 4th quarter bell to have two hammers (see 
p. 188). In smaller clocks cast-iron cams will do. 

10. The hoar striking to be let off independently of the 
quarters, and the first blow to be struck exactly at the hour, 
the hammer being left on the lift : the other quarters to 
begin exactly at 15, 30, and 45 minutes. 

zi. The hour hammer to be not less than a 60th of the 
weight of the bell, and to be raised not less than 9 inches ; 
the quarter hammers to increase in weight upwards from a 
60th to a 40th of the weight of their bells, and all the 
hammers to be raised enough to bring the full tone out of 
the bells : small ones at least 6in., and the hour one at least 9. 

12. There must be either levers or eccentrics to lift the 
hammer levers completely off the cams, when the bells are 
ringing, if there is a peal. 

13. The small wheels of the going part to be of brass or 
hard gun-metal, driving lantern pinions. All the larger wheels 
and the pinions driven by them may be of cast iron, and their 
being of brass or gun-metal will be considered no reason for 
a higher price. All bushes to be brass or gun-metal. The 
large pivots to be case-hardened, the smaller ones and their 
arbors to be of steel. The pulleys to be large and pivotted 
in brass bushes. 

14. The barrels of sheet iron brazed, with iron or steel 
wire ropes not coated with zinc [which makes them crack], 
and the pulleys to be so placed that the ropes do not grind, 
or go twice over the barrel. 

15. The flies not to be in front of the clock, and to be long 
enough to make the time of striking quite uniform, and slow 
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enongh. The fly ratchets to be either squared or keyed on» 
and not merely pinned. The ratchets not to be of cast iron, 
and each to have two clicks. [Many smashes have occurred 
for want of attention to these two conditions.] 

1 6. All the iron-work except acting surfaces to be painted 
blue [black is more difficult to see if anything is wrong, and 
if not painted iron only gets rusty]. 

17. If the weights go out of sight there must be some- 
thing to stop or warn against winding them too far. And 
also a large box with 3 feet deep of small stones, to catch 
the weights if they fall ; unless they go down to the ground 
of the tower, when they can only break flags. 

18. All wheels to t£^e out separately by unscrewing the 
bushes ; and pulleys -to be placed where they can be oiled. 

19. On all points not specified, the clock is to be made 
according to the directions of this book, applicable to clocks 
of the kind now required. 

20. The clockmaker to provide (or design and superintend) 
a strong wooden case for the clock, with glass showing the 
minute dial if it is in the belfry, and so arranged that the 
striking parts can be wound without opening the case; 
unless the clock is in a room always locked up, and pro- 
tected from weather. In many places it is necessary to 
have a case for the weights, and pulleys at the top, if 
exposed in a bell-chamber. 

21. The estimate to state the cost of the clock and dials, 
and of the fixing, case, &c., separately. 

22. Half the price to be paid on the clock being com- 
pleted, to the satisfaction of such person, not objected to for 
good reasons assigned by the clockmaker, as the committee 
may appoint, and the other half when it has gone for three 
calendar moniJiS continuotisly, without varying more than five 
seconds in any week — tested by the striking of the first blow 
of any hour. [This is an ample margin to allow nowthat we 
know from the Westminster and other clocks that they may 
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be made to go withoat much more than a second a week 
variation. Every town now has the means of testing its 
clocks by electric telegraph time at the post office, but not 
so exacUy as it ooght to be. And if there is any neighbour- 
ing observatory, or meridian instrument, properly attended 
to, that is much better.] 



CX)NSTRUCnON OF THE WESTMINSTER CLOCK. 

The frontispiece of this book is a front elevation of this 
great clock, or so much of it as can be shown in one view 
without confusion, for which purpose I have drawn the 
wheels and pinions only as circles. As I have inserted the 
numbers of the teeth, and the size of all the parts may be 
taken from the scale, I shall say no more than that the 
frame is 15^ feet long and 4 feet 7 inches wide. The 
going part does not occupy above 2 feet of this width, the 
front bushes of the wheels being carried on a separate bar 
lying on the two cross pieces of which the ends are shown 
in the drawing bolted to the great back and front girders. 

Double-barrelled Crab. — ^The space between the front 
of the going part and of the great frame happens to be con- 
venient for the fall of the ropes from a double-barrelled 
crab (fig. 51 next page), which is fixed upon the iron beams 
B B which go across the room from east to west to carry 
the * motion work' or nests of bevelled wheels above the 
clock, of which the first pair are shown 'in the drawing. 
This crab is the only means of getting anything into the 
clock room which is too heavy to be carried by a man 
up the stairs. It consists of two small equal barrels, with 
four pulley grooves in each, each having an equal wheel 
at the end turned by equal pinions on the vending arbor. 
The rope passes over the outer halves of the two barrels 
4 times, one end falling down the clock shaft or well for 
the weights while the other rises ; and it can either be used 
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with a siDgle rope, or with pulleys. The pall P is in effect a 
silent click to hold the rope when the handle H is let go ; 
and it will tarn over on the horizontal pillar at the top of the 
crah, to act the opposite way when the barrels are worked 
the other way. 

The great advantage of it is that it avoids the crowding 
and overlaying of a long rope on the barrel, which makes the 
work harder at every fresh * overlay,' as it practically increases 
the diameter of the barrel; and that becomes so intolerable that 
the plan of palling off the rope by hand after three or four coils 
on the barrel has to be resorted to in long lifts ; and that 
again involves the difficalty of having to slide the coils back 
to the beginning of the barrel, holding the rope by the hands 
cf several men, or by some supplementary machinery, for 
very great weights, as was done with Big Ben in 1859. * Great 
Paul' was raised on 3 May, 1882, bya double-barrelled crab, 
or rather two of them, and pulley blocks besides ; with only 
this difference, that the ropes were crossed between the 
barrels to give greater frictional hold ; but that also causes 
a considerable friction of the ropes against each other, and is 
really unnecessary. A crab like this, not with the ropes 
crossed, driven by steam, was used for taking up the ribs of 
the great domes of the 1862 Exhibition. I had recommended 
it in the i860 edition for taking up heavy bells,* and in the 
later editions I suggested a further improvement, shown in 
fig. 52 (next page), by putting the pinions right in the middle 
between the wheels, and making them all roll on blank * pitch 
circles' (see chapter on teeth of wheels), besides having small 
teeth cast by the side of the circles. This will take a great 
deal of pressure off the barrel pivots, and also off the driving 
pivots where it does mischief, and transfer it to the rolling 
circles, where it is useful in driving and relieves the teeth, 

* The differential pulley with an endless chain in notched grooves is 
now largely used for moderately heavy weights, the chain being pulled 
by hand as in the old-fashioned 30-hour clocks ; but it will not do for 
great weights. 
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and would almost drive without any. They may con- 
sequently be made much smaller, and the wheels also, and yet 
with the same power as a much larger crab of the common 
kind ; especially jf 4 wheels are used : which also has the 
Fig. 52. 




advantage of relieving all the pivots equally. 18 inch wheels 
with I J^ inch pinions would be strong enough for all ordinary 
work of single multiplying crabs. And it is easy to add 
another wheel and pinion for larger ones. 
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The ieetb of the pinions and wheels respectively should be 
made as will be explained under 'Teeth of Wheels/ the 
pinion teeth alone projecting beyond the pitch circle. The 
rolling circles mast be hard, or they will braise each other. 
The arrangement of the frame also will depend on the work 
for which the crab is intended ; I only show what affects 
its principle. The horrible noise of the common pall may 
be avoided by patting a wedge-shaped one between any two 
of the rolling circles, with a slight spring acting on it, 
according to the direction of driving for the time. This will 
act as a silent pall as soon as yoa let go the handle. 

Eetarning to the clock, the back of the frame is 2 feet 
5 inches from the west wall of the room, which is the east 
wall of the ventilating chimney or air-shaft of the Houses of 
Parliament running all the way up the tower. The room is 
28 feet by 18, and the clock lies, as shown in the drawing, 
on the north and south walls of the shaft or well for the 
weights, which is 174 feet high, and the floor of the room is 
2j4 feet below the top of two iron plates which cover the 
walls and are spread out behind and built in quite through 
the wall of the airshaft, so as to prevent any possibility of 
endway motion of the clock frame, which is bolted to the 
plates. The pendulum cock is a large piece of iron frame 
work cast in one piece and also built in through the wall, 
quite independent of the clock frame. The pendulum 
chamber is made of sheet iron within the weight shaft, in 
order to protect the pendulum from the wind : you can 
descend into it by a ladder and a trap- door; which can 
seldom be wanted, as there is a degree plate set on the floor 
under the clock, which is a little lower than the general floor 
of the room, and is covered with a grating lying on the 
beams which carry the returned end of the ropes. 

i&egnlation. — The mode of regulating the pendulum 
by small weights has been sufficiently described at p. 51. 
Whenever a larger alteration is required, in consequence of 
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thunder- storms or an accidental disturbance of the pendolnm, 
either stopping the scapewheel or letting it trip one beat by 
lifting a pallet alters it 4 seconds, whereas yon cannot put « 
dead escapement forward at all, nor stop it without con- 
siderable risk of spoiling a tooth. 

The pendulum weighs altogether very nearly 700 lbs., of 
which the bob is about 4 cwt. In other respects it has been 
already described at p. 44. The spring is a 60th of an 
inch thick and 3 inches wide, and the free part of it 5 inches 
long.. The great pin through the upper chops has nuts on 
its ends to adjust it to the exact centre between the pallet 
arbors. Those are not shown at page 44, because they are 
not generally used. The pendulum cock, and the position 
of the floor behind the clock, are so arranged that a tall man 
can stand with his head inside the cheeks of the cock so as 
to look square at the escapement ; which is 

The double three-legged gravity escapement, as 
shown at p. 129. The scapewheel teeth are equidistant 
and 6 inches long ; and though the clock has to drive about 
a ton and a half of hands and dial-work through all weathers, 
the pressure and friction on the stops are so little that I 
could find no difference in the weight required to lift the 
pallets (by a thread over a small pulley) whether the teeth 
were bearing on them or not, — Le,, it was less than the 
friction of the pivots and the pulley. The weight required 
to lift each pallet through the angle of impulse was an ounce 
falling *9 of an inch, which is therefore the amount of 
impulse received by the pendulum at each beat. In other 
words, the daily momentum of clockweight required to drive 
the pendulum, or Wh in all the calculations about escape- 
mentS) is only about 200 pound-feet, while Ml is 9100, a 
much smaller proportion than in the finest astronomical 
elocKs^ but yet larger than it was in the three-legged dead 
escapement which we had at first (p. 102), on account of the 
loss of force by the impact of the pendulum on the pallets. 
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The fly is ii inches long in each vane and nearly 2 inches 
wide : it is set on the arhor hy what may be called a silent 
ratchet, or a steel-&ced roller with stiff springs bearing 
endways against it, but obliquely, so that liie fly can ran 
forwards, but not backwards. It is almost impossible to 
make the escapement trip by any force you can apply to it 
by hand ; and it once went for several days without tripping 
though the fly had been accidentally left loose. 

Maintaining power. — The going part of this clock takes 
about 20 minutes to wind up, and therefore none of the 
common maintaining powers would do. A bolt and shutter 
(see P' 151) might indeed have been made to lift higher than 
usual and so keep in action longer ; but it would have had 
to be very heavy, and moreover there was the risk of the 
man being interrupted while winding, or stopping to rest, 
and so letting it run out of gear or stick fast. Sir O. Airy 
had proposed a modification of his Northumberland telescope 
apparatus, which I have already mentioned as having been 
used in the Exchange clock ; but that is also liable to run 
out of gear, and is open to other objections ; and so the 
following much simpler plan was adopted. The barrel in 
any case would require an auxiliary pinion to wind it, taking 
into a wheel on the end of the barrel itself, close to the great 
wheel ; and the only addition is, that the back end of the 
winding arbor runs in a loose bar, which hangs obliquely 
from the back pivot of the barrel (as shown in the drawing), 
and has a click on it which acts upwards in a set of ratchet 
teeth cast on the back of the great wheel. When the clock 
is going and not winding, these ratchet teeth pass under the 
click, just as in Harrison's going ratchet (see p. 149) ; but as 
soon as you begin to wind they stop the click and the bar 
from rising as it tries to do, and the great wheel itself thus 
becomes the frdcrum for the winding up of the barrel, and 
so the clock weight is for the time transferred to the great 
wheel directly, instead of through the barrel. 
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The winding arbor fits loosely in both the bnsbes, because 
the back pivot and its bnsh in the bar gradually move a little 
upwards as the great wheel turns, while the front one of 
course remains fixed in the clock-frame. When it has 
moved as far as it was thought prudent to let it go, a long 
tooth on the winding arbor catches against a stop in the 
back frame, and the man cannot wind any farther without 
turning the handle back a little to allow the bar to drop and 
the click to take' up another mouihful of the ratchet teeth. 
The unusual length of the winding arbor, 4 feet 2 inches, 
makes this side way motion insignificant for 10 minutes 
motion of the great wheel : if the frame were narrower it 
could still be used, taking care to put the stop so as to 
prevent too much oblique action. Very few clocks take as 
much as 5 minutes to wind up the going part. If you take 
the trouble to calculate the pressure, you will find that there 
is rather more force on the clock in winding than usual; 
which however is of no consequence. If the winding pinion 
were larger in proportion to the wheel the difference would 
be greater ; but it might always be equalised by hanging a 
weight on the loose bar, just enough to counterpoise the 
difi'erence« The winding pinion pulls out of gear with the 
wheel in the usual way. 

The dials are 22^ feet in diameter, or very nearly 400 
feet in area, and are made of cast iron frame work filled with 
a very expensive kind of * opal glass, which appears to me 
no better than some much cheaper glass of the same colour 
by Chance of Birmingham, which is used in other clocks. 
The dials and the hands together cost no less than ;^5334, 
which is more than the whole cost of the clock and all the 
striking work up in the bell chamber. I shall have more to 
say of this in the history of the clock. The minute spaces 
are a foot square, and the figures 2 feet long. The dials 
would have been clearer, and the hands more visible upon 
them, if the framework rings, beyond the minutes and the 
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figures, had been omitted, as they diminish the clear space in 
the middle of the dial by about one third of its area. The 
dials stand 5 feet from a whited wall which is the main wall 
of the clock room and clock-tower, and in front of which are 
the gas lights for illumination. I had provided by request 
that the clock should be able to light up and turn down the 
gas if required, in the way described at p. 223, but it was 
finally thought better to light them by hand, and I think so 
too. There is nothing peculiar in the dial- work except its 
size, which may be judged of from the drawing of the clock 
and fig. 51 (p. 249)) and the fact that the minute wheel arbor 
is 8 feet long and ^j4 inches thick ; it is of course tubular, 
except at the ends. The dial centres are exactly 6 feet 
above the top of the walls, or 180 feet from the ground. 

Hands. — The minute hands, as made from my design, 
after the architect's two successive sets had failed, are thin 
copper tubes of a section formed by two segments of circles, 
with a few diaphragms soldered in, set on a gun-metal 
stalk or central piece, which also forms a partial counter- 
poise both for wind and weight outside, there being another 
of oast iron inside the clock room, to divide the pressure 
between the two ends of the arbor. This copper tube of 
each minute hand only weighs about 28 lbs., though they 
are 93^ in. wide near the centre, running off to 5^ in. at 
the end ; the gun-metal stalk of each hand weighs very 
nearly i cwt. ; but the whole of that weight is near the 
centre, and so its moment of inertia at each beat of the 
pendulum affects the clock very much less than if the 
same weight were distributed all along the hand. It is 
remarkable that from the momentum of the hands, and the 
general elasticity of the leading off rods, they move con- 
tinuously, and with no visible jump as usual. The length of 
each hand and its external counterpoise is 14 feet ; and the 
total weight of each hand with its external and internal 
counterpoises is now within 2 cwt., whereas Sir C. Barry's 
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4 minute hands and counterpoises (of which I shall have to 
speak in the history of the clock) weighed a ton and a 
quarter. His hour hands are still there ; for though very 
had in construction and three times as heavy as they need 
he, their motion is so slow that they do not sensibly affect 
the clock as the minute hands did, and so they may as well 
stay until they become unsafe. One of them cracked and 
had to be taken off. The hour hand arbor is a tube 5)^ 
inches wide, and lies on large friction rollers both behind 
the dial and within the clock room. It was easy enough to 
put the clock room end of the minute hand arbor on friction 
rollers too, as it of course projects beyond the other ; but at 
the other end it is managed by setting the pivots of 4 smaller 
rollers in a pair of rings screwed outside the hour hand tube, 
and cutting holes in that for the rollers to go through and 
reach the minute arbor, so that those rollers move in a 12 
hour orbit of their own, besides the pair in action for the 
time turning on their own pivots. 

Quarters. — ^There is nothing very peculiar in the striking 
of the quarters. The position of the levers and cams is 
evident from the picture. The wires go up alternately on 
opposite sides of the winding- wheel arbor to prevent their 
fouling each other ; each bell has two hammers because in 
that way we get longer cams with less pressure on them, 
and on the levers. The hammers are all nearly a 40th of 
the weight of their bells, which I am satisfied is the proper 
proportion for bells on this scale of thickness, which is that 
of the smaller and thicker bells of church peals, as I shall 
explain more fully afterwards. The levers are all 19^ in. 
long, and their centre is nearly 36 in. from that of the wheel. 
The cams are of wrought iron with hard steel faces, screwed 
onto a cast iron barrel which is bolted to the great wheel, 
and they are constructed on the circular section which I 
shall describe for cams under the Teeth of wheels. Between 
the clock and the bell chamber there is another low room in 

S 



258 HOTJB-STBllUNa PAST. 

which the cranks are, for leading off from the vertical wires 
to the 4 quarter bells. These wires are in fact wire ropes : 
I had them substituted for the iron rods which were at first 
used both in the quarters and the hour striking parts, and 
thereby got rid of an amount of concussion and noise in 
striking, which sounded as if the clock was shaking to 
2»ieces. Now the action in the clock room is so silent that 
you hear nothing except the bells and the passing of the 
click which stops the train from running back in winding. 

HoiUMrtriking part. — ^The great striking-wheel has 10 
cams 3^ in. wide cast upon it, and these have steel faces 
screwed onto them. The lever has a thick part in the 
plane of the cams and a longer and thinner piece lying 
behind the wheel and having the hammer rope attached to 
it, or rather a short rod with a swivel and nut to take up 
the rope.. The rope is half an inch thick, the same as is 
used for the striking weights, and is about 25 feet long and 
reaches up to the horizontal arm of the great hammer lever, 
which projects 5 ft. 4 in. from the pivots, which are forged 
as part of the collar in which the great bell hangs (see page 
212). The hammer shank is also double, going through 2 
holes in the cast iron head, which weighs 4 cwt."^ and is 
lifted 13 in. from the bell, or about 9 in. vertically. There 
is an iron plate screwed to the hammer shank, which fsdls 
on india-rubber buffers 5 in. thick, carried by a kind of long 
stirrup hung from the bell frame. The other hammers are 
prevented in the same way from jarring on the bells. The 
construction of the bell frame, which is entirely different 
from the usual form of frame for swinging bells, made it 
impossible to fix the hammers or the buffers in any other 
way : not that there is any objection to this, except that it 
is more expensive, and the hammer shank is farther from 
being horizontal. 

* It did weigh 7 cwt., but was reduced when the bell became 
partially cracked, as related afterwaxdf. 
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The second wheiel tarns ^ round for each blow, as I 
explained that it might at page 198, and the third wheel and 
fly make 4 turns for each blow. The fly arbors are placed 
vertically in order to get room for the flies, which have to 
be pnt near the top of the room. The vanes of the honr fly 
are each 2 ft. 4 in. square and extend 3 ft. from the arbor : 
the quarter ones are rather larger. To prevent all risk of 
accident, the ratchets are not pinned but ' squared ' on the 
arbors under the flies themselves with an octagonal fitting, 
and each fly has two clicks. The stops are set on springs 
to diminish the blow at stopping, and the striking work is 
stopped on the lift, both for accuracy of discharging and for 
diminishing the constant strain on the wheels and arbors. 
Each striking weight is, or was before the hour hammer was 
reduced, nearly a ton and a half; and you may observe 
that each of the three parts is so arranged that the weight 
hangs between the arbor of the great wheel and the 
teeth or cams which have the heavy work to do, so as to 
reduce the pressure and friction on the arbors as much as 
possible. If this striking part had been made as they often 
are, and lifting by pins instead of cams, the weight would 
very likely have had to be 3 tons, or more than a man could 
wind up iQ a day. 
^ The mode of letting off the hour-striking is peculiar. It 

was one of the original conditions, that the first blow of the 
hour should always be struck within a second of the real 
time ; and in order to do this it was not sufficient that the 
clock should go far more accurately than usual, but there 
must also be the me&ndvf making the hammer fall exactly 
when the clock reaches the 60th second of the last minute 
of the hour. First then it was necessary to leave it on the 
lift and nearly ready to fall as soon as the striking part is 
discharged ; and secondly, to have some more sudden and 
precise means of discharging it than the slow motion of a 
snail turning in an hour. It was at first intended to do it 
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by the train remontoire described at p. 228; bat when it 
became expedient to abandon this and rely on the improved 
frravity escapement whi«h I invented after the clock was 
partly made, it became necessary to contrive some other 
plan for discharging the striking part with equal accuracy : 
and this is it. P Q is the ordinary discharging lever lifted 
by the snail on the hour arbor, P being the first stop against 
which the arm E F on the third wheel of the striking train 
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Fig. 53. 



is stopped when it has done striking.* The second or 
warning stop D is not on P Q, but on a short independent 
lever CD. B A S is another lever set on pivots A on the 
cross bar of the great frame, and its heavy end S is lifted 
and dropped by a snail on the is-minute wheel of the 
escapement; when it drops it tips up the second stop lever 
C D, not merely by dead weight, but with a blow, which is 

• This lever, and several others, are omitted in the elevation of the 
clock (frontispiece), as they could not he shown without confusion; 
and as the snails are all shown, any intelligent reader will understand 
where the discharging levers must he : there is an intermediate one 
from the quarter snails to the quarter locking lever. 
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eertain to overcome any friction there can be between the 
two stopping pieces. The lever B A S drops every, quarter 
of an hour ; but it does nothing except when the stopping 
piece is resting against the second stop, i,e, when the 
clock has given warning for the hoar. It is let off at 
the 58th second, or the last beat but one of the pendnlum 
in the hoar, and the train just gets far enough into motion 
to let the hammer fall as the seconds hand makes its last 
jamp for the hour, and it acts with the greatest precision. 

This precision in letting off the hour-striking made the 
want of it disagreeably apparent in the quarters, which were 
at first discharged in the usual way by a snail on the houi 
arbor which leads off to the dial work ; and we had to put a 
larger snail for them on a separate arbor under the escape- 
ment wheels, free from the shake of the hands and dial 
work ; this answers very well and there is never more than 
2 seconds difference now in the time of discharging the 
quarters. The ist, 2nd, and 3rd quarters all begin to strike 
at those times respectively ; but the 4th quarter is let off 
about 20 seconds before the hour so that it may have done 
striking before the hour begins at the real time. 

That, by the bye, is an objection to a train remontoire let 
off at the usual half-minute intervals, viz., that it makes the 
interval between the quarters and the hour disagreeably long, 
if the hour is to begin striking exactly at the hour as it should 
do. Even 20 seconds is too long an interval for any but very 
large bells. However since the invention of these gravity 
escapements train remontoires may be considered extinct, 
as they cost much more, and are no better, and are almost 
certain to be destroyed, or at least put out of action. 

Winding of striking parts. — ^Each of these takes about 
5 hours to wind, and requires double multiplying wheels, 
which are as to size repetitions of the large wheels and 
pinions of the train, with a modification of the shape of 
tecthy which will be explained afterwards, because different 
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shapes are proper for driving and for driven teeth, though 
that is very seldom attended to. The striking parts wind 
twice a week ; for although they might have been made to 
go a week, the weight wonld have had to be twice as much 
—and more, on account of the increased friction; and a 
man could not have wound up each of them in an ordinary 
working day. Moreover the whole work must have been 
heavier and larger and had a greater strain upon it. Even 
in much smaller clocks than this I always design the striking 
parts to go less than a week. I do not believe that there 
is a clock in the world that strikes a large bell, say above a 
ton weight, properly, with winding once a week; unless it 
happens to have an unusually large fall for the weights. 

There were various suggestions made both publicly and 
privately for winding the clock by water, by a steam engine, 
and even by a kind of weighbridge or sinkmg platform to be 
worked involuntarily by people walking over Westminster 
bridge, which would have to rise between every two walkers, 
to do any good : a turnstile would have been a much more 
practicable thing. I forget whether anybody proposed to 
turn the tide to account for the purpose, but I daresay they 
did. It never occurred to these inventors that the interest 
on the cost of construction and the expense of looking after 
any such machine would far exceed the wages of two 
winding men for five or six hours twice a week. 

In most large clocks the winding pinion simply ' pumps * 
out of gear with the winding wheel on the front end of the 
barrel, and it does not much signify if it is left in, as the 
friction caused by it is not much. But this wonld not 
do for a pair of large wheels, and there was not room to 
make the great winding pinion pump out of gear. Moreover 
it was absolutely necessary to have some contrivance for 
automatically stopping the winder a little before every 
Rtriking of the part he is winding ; which occurs in no other 
clock, as none takes anything like a quarter of an hour to 
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wind either part, and if it did yon need Oflly slip off the 
handle. That is managed thus. In each striking part a 
long lever (omitted in the frontispiece to avoid confusion) 
stands in the way of a tooth or arm on the winding arhor : 
when the man hegins to wind he must lift this lever up on 
to a certain hook which will hold it up so long as the weight 
of the lever rests upon it ; but when the weight is relieved 
the hook falls back : this is done by the snail a few minutes 
before the clock is going to strike, and just a minute before 
it strikes the snail lets the lever drop again, and the hook 
being then out of the way, it drops completely and stops the 
winder ; and he then throws the winding- wheels out of gear, 
and in again when the striking is done. 

This throwing out of gear is also done by a new method : 
the first pivot of the second (150) winding-wheel arbor is set 
in an eccentric bush, which can be turned in its own holes 
by a lever with a handle to it, as you see in the drawing, 
and the eccentricity is just enough to take the teeth of that 
pinion out of gear with the great winding wheel, leaving the 
2nd wheel in gear with the winding-pinion (14). Besides 
this the ropes themselves stop the winder when the weights 
are wound up to the top, by throwing another lever off a 
hook on which it has to be set before the man can begin 
winding. In all these winding and maintaining power 
contrivances there are some further provisions for enabling 
the man to turn the winding handle back a little, to let the 
barrel ratchets down softly on to their clicks, but it is 
hardly worth while to describe them. 

Bate. — ^Provision is made in the clock for reporting its 
own rate of going to the Greenwich observatory at any con- 
venient hour or hours every day, by electric telegraph, as I 
have already described under < electrical docks' at p. 156 ; 
and it has been arranged by the Astronomer Boyal that it 
should give two signals a day, at an hour before and after 
noon, for greater accuracy. The average performance of the 
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dock is reported by him annually to the Board of l^sitors 
of the Observatory, and for years the report has been prae« 
tioally the same. Last year, 1881, its error was under 2 see. 
on 84 per cent, of the days of observation ; between 2 and 

1 sec. on 14; between 3 and 4 on 2. They were almost 
exactly the same in 1872. 

Sir G. Airy sent me, for the purpose of the inquiry into 
the barometrical error (see p. 71), the complete rating of 
the clock for 1872, except Sundays and a few odd days. 
Bejecting three abnormal disturbances, one of which reached 
8 sec. in a week of thunderstorms, and two others of 5 sec, 
which came suddenly, and evidently from something done in 
the clock-room, because the daily variations never reached 

2 sec. at any other time, the average daily variation was only 
0*2 sec. on each side of zero, or 0*4 ^ec. altogether; and taking 
it on all the Saturdays in the year, the average weekly varia- 
tion was just I sec, or exactly half that of one of old Mr. 
Dent's best regulators which I happen to have had for 
nearly two years while we were trying the Exchange clock. 
Therefore the first blow of the hour may be presumed to 
differ considerably less than a second fr^m GMT, and is 
practically always right within 2 seconds. In hearing it at 
a distance you must allow nearly 5 seconds a mile for the 
velocity of sound. 

Some enemy set afloat the statement that the clock is 
' controlled * by electrical connection with Greenwich, in 
some such way as is described at p. 158, instead of merely 
reporting its own performance ; and the story has been re- 
peated by people who ought to have known better, or might 
easily have learnt, by writing either to the Astronomer Boya^ 
or me, or from any edition of this book after the first. 
A signal is sent back from Greenwich at some hour daily, for 
the information of the winding men, but they never toucn 
the pendulum unless the error is 2 seconds, which happf«h 
very seldom. 
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History of the clock. — ^It is no longer necessary to 
relate as folly as in i860 the history of the 16 years of 
disputes relating to this clock ; for it was the subject of 
violent disputes before I had anything to do with it. I shall 
only say as much as may possibly be useful with reference 
to any similar transaction hereafter. Not that I expect 
such warnings to be attended to, except perhaps in exactly 
the wrong way ; for I know very well that the tendency of 
the official mind to get things done with as little trouble as 
possible is infinitely stronger than to get them done as well 
as possible. I was only brought into this business originally 
with the view of saving somebody else trouble ; and as soon 
as it was found that by the legal effect of the contract I had 
real power to direct the work, every possible effort was made 
to get rid both of it and me. No official who joined in 
those attempts cared three half-pence how the clock was 
made. Luckily I did care, and knew what would become 
of it if I gave it up. And as the biographers of Sir Charles 
Barry have told their story on his behalf, I shall also, with- 
out the least resentment against them, repeat mine, of which 
not a word has been ever contradicted. 

No one who has read in the Parliamentary papers the 
early correspondence, beginning in 1844, can have the 
smallest doubt that the architect had made up his mind 
that the late Mr. Yulliamy should make the clock, and no 
one else. Mr. Yulliamy himself was so confident about it, 
that even after the Astronomer Boyal had utterly condemned 
his plan for it, as * only suitable for a large village clock,' 
and recommended old Mr. Pent, he said to me, < Dent will 
never make that clock.* After that, the matter went to sleep 
till November 1851, when the Duke of Somerset, then Lord 
Seymour and First Commissioner of Works, asked me to 
act as referee with the Astronomer Boyal, on his recommen- 
dation. I examined the plans at the Office of Works, which 
had been sent in in 1846, and found that Yulliamy *s was 
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qmta m defieient in rtrengih (for whieh 8ir Q. Airy htA 
eommeoded it) m it wag in all provisions for aeenracy: 
indeed more so, beeanse aeenracy is a question of degree ; 
tmt such a clock as that, striking on a bell of half the weight 
that had been fixed npon, wonld have destroyed itself in a 
week. By some strange omission, Dent had never been 
told that the bell was to weigh 14 tons, and he had assumed 
it to be mnch less, and consequently his plan was defective 
too, though not so defective, and that only in size, not 
in principle. The plans of Whitehurst, of Derby, which 
Sir G. Airy had reported on more favourably than Ynlliamy's, 
could not be found in the office; and it was evident that 
Dent*s had been somewhere else, wher» they had been very 
roughly handled, dirtied, torn, and mended, which was 
certainly not done at Greenwich. 

Whitehurst was dead, and YuUiamy had refused to accept 
the Astronomer BoyaFs conditions as to the performance of 
the clock, which the Clockmakers* Company also pronounced 
impossible, though they have been Ceu* exceeded in accuracy 
now. So we agreed that it was useless to apply to any one 
but Dent, and that the only practicable way was to ask him 
if he would make for any definite sum such a clock as we 
should require, from his own knowledge and our information 
as to what was intended, and such general plan as we could 
give him, in the unfinished state of the tower. He agreed to 
do so, for a sum which was soon found to be inadequate, and the 
arrangement was altered into his keeping a separate account 
of all outlay on the clock, and receiving 10 per cent, profit on 
it, which ultimately came to ;^4o8o, only an eighth more than 
Vulliamy*s estimate for a clock totally unfit for the work. 

The Duke of Somerset went out of office soon after giving 
Dent the order in 1852 ; and then began, and lasted tli^ough 
the reigns of his successors. Lord John Manners and Sir W. 
Molesworth, a series of intrigries and attempts to get rid of 
or alter old Mr. Dent*s contract, and then to repudiate his 
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successor, P. Dent, and then— or rather, all along — to gel 
rid of me ; for they all knew very well that for various 
reasons the Dents alone could not contend against them, nor 
go on with the work at all. Sir 0. Barry demanded working 
drawings of the clock from Dent, who told him very truly that 
there were none, and would he none, except such sketches as 
I might give his men from time to time. Then he applied to 
the Astronomer Boyal for them, who desired me to make and 
send them. I answered that I should do nothing of the 
kind : the Office of Works might show him the signed plans 
if they liked (as in fact they did), which were all that could 
possihly concern him ; at any rate I should make no others. 
Thereupon Sir G. Airy resigned ; and as his knowledge of 
large clocks was purely theoretical, and not one of the 
suggestions he had made could he adopted, his resignation 
saved a good deal more of unprofitahle correspondence. The 
Office of Works made that another excuse for trying to get 
rid of me, and went so far as to consult the Attorney and 
Solicitor General ahout it. 

Then they tried the ohstructive policy of refusing any 
information ahout the tower, in spite of my warning that 
the only consequence would he that they would probahly 
have to pay for altering the clock when it got there ; for 
which they cared nothing, as the nation and not they would 
have to pay for it. Still the work went on, and as the 
inscription on it records, the clock was made in 1854, and 
after gomg in the factory for 5 years was fixed in the tower 
in 1859, and was set going permanently in i860. 

Sir 0. Barry was particularly anxious to design the hands, 
and J rather unwillingly^ and with some misgiving con- 
sented, having already reason to put very little faith in his 
mechanics. He first produced some cast iron ones, of 
such frightful weight that I would not even let them be put 
on. He then tried some of gun-metal, which were lighter, 
but still far too heavy for the clock, besides being so fixed 
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on by his engineer that they fell over a minnte or two every 
time they passed the vertical. And so we removed them, 
at least the minute hands, and made new ones, as described 
at p. 256, which have always gone quite easily, except once 
when loaded with snow which froze upon a partial thaw, 
and broke down hundreds of miles of telegraph wires, at the 
same time that it stopped the clock. Before Dent's final 
bill was paid, the Astronomer Boyal inspected the work, 
though his legal control over it was gone, both from his 
resignation, and from other causes, and he candidly expressed 
his entire approval of it, and especially of the escapement, 
on which its performance chiefly depends. It is due to Lord 
Llanover, though he is dead, to say that in his time I had 
no trouble with the Office of Works. 

As soon as it was finished, Mr. W. Cowper Temple, who 
had then been made First Commissioner of Works by Lord 
Palmerston his step-father, told the House of Commons, with 
evident satisfaction, and the gratitude natural to some people^ 
that my connection with the clock had ceased, and that it 
was handed over to the Astronomer Boyal. The next I heard 
of it was that he had replaced the great check spring of the 
hour-striking part by a contrivance of his own, which soon 
produced a smash, and then the old spring was quietly 
restored, and is there now, and there have been no more 
such experiments. I must however do him the justice to 
say that he had previously written to me * that the clock 
would be far better in my hands than in any other person's;' 
not that there was really any more for me to do, beyond 
nominal superintendence of the clockmakers who have the 
care and winding of it by an independent contract, viz., the 
successors of the Dents in the Strand. By an odd coinci- 
dence, I had the pleasure of giving a sort of clinical lecture 
on the clock to as many members of the Horological Insti- 
tute as the room would hold, on the 21st anniversary 
of our signing the plans for it, 29 January 1873. 
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I had better give the history of them also here. In 1852 
the Astronomer Boyal declined to have anything to do 
with the bells, as he did not profess to understand them ; 
and nothing was done towards getting them, beyond 
some abortive correspondence with me by Sir W. Molesworth, 
and his giving a commission to Sir 0. Barry and Professor 
Wheatstone to learn what they could about bells at the Paris 
Exhibition of 1855, which proved to be nothing. In 1856, 
Sir B. Hall (Lord Llanover) asked me to take them in hand, 
and it was then arranged that I, with Sir 0. Wheatstone, and 
the late Bev. W. Taylor, who had paid some attention to the 
subject in a theoretical way (and must be distinguished from 
his namesake the bell-founder), should be the referees. 
Sir C. Wheatstone never acted, beyond telling us the result 
—or rather, no result — of his inquiries at Paris, and Mr. 
Taylor would take no responsibility beyond giving the final 
certificates. I therefore prepared a specification, which was 
sent to the three English bell-founders. 

Mr. Mears refused to accept the referees because they had 
among them spoken ill of his two condemned Boyal Exchange 
peals, of his great York Minster bell, and a rather larger 
one which he had sent to Montreal. He also declared that 
nobody else could make the bells ; and his tender was not 
the lowest. Mr. Taylor's (of Loughborough) was ; but he 
wanted some terms which could not be acceded to. Messrs. 
Warner required the referees to take the responsibility of 
giving the patterns for the bells; i.e. they confessed that 
they did not know how to make such large bells of the 
proper notes : they had previously copied all their bells from 
existing ones. However I was able to do that for them, and 
80 their tender was accepted, though they demanded ten 
guineas a cwt., while the usual price was seven, and they 
were to recast any of them (unless condemned for bad 
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easting, in which case they were to recast for nothing) for 
jQ2 a cwt., and also to cast any small experimental bells for 
the same price. 

They made the great bell first; and from some mismanage- 
ment it came out thicker than the pattern, and two tons 
heavier than was intended, and required a clapper twice as 
heavy as we had reckoned on by analogy to other bells. 
Undoubtedly we had a right to reject it ; but it appeared a 
sound casting, except some holes at the top, and was generally 
praised by the public who heard it, though there was always 
something unsatisfactory in its tone. And no wonder ; for 
after being rung occasionally for some weeks, it one day 
cracked, no doubt from the weight of the clapper which it 
required to bring out its tone, and when it was broken up 
there was found a great flaw in it, where the two streams of 
metal meeting round it had never joined. So we were in 
every way well rid of Big Ben the first. 

The founders however had cast then the fourth quarter 
bell of four tons successfully, and there was no intention of 
taking the job out of their hands. But they demanded a 
price for recasting enormously beyond the ^£2 per owt., 
which they had agreed to before, evidently presuming that 
neither of the other founders would be employed. Mr. Hears 
had learnt something by experience, and no longer objected 
to the referees, and offered to recast the bell at a more 
reasonable price, and so this time his tender was accepted. 
He however was still more unlucky; for he produced a 
bell which partially cracked also, affcer a few months striking; 
and Dr. Percy pronounced it, on cutting a hole down to the 
bottom of the crack, and analysing the metal, 'a defective 
casting, porous, unhomogeneous,* and at the place where it 
is cracked, not of the composition I had prescribed, and 
therefore much more brittle. 

Mr. Hears also determined to conceal this porosity from 
the referees by filling up the holes with cementi before ha 
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let US know that the bell was ready to be seen. And when 
I publicly charged him with having done so, he pat a bold 
face on the matter, and brought an action for libel, and had» 
no doubt, found half-a-dozen engineers and brass-founders 
, ready to swear that porous castings are as good as sound 
ones. But he also found that I had got a piece of the bell 
analyzed, and knew that the composition was wrong, besides 
the porosity and its concealment. So his counsel accepted 
his costs without a verdict, after making a speech in which 
he confessed and declared that the composition had mis- 
carried, and become unhomogeneous ; that he had filled up 
the holes, because he thought them immaterial — as if he was to be 
the judge of that ; and that it was impossible — ue, that he 
did not know how — ^to cast large bells without holes in them t 

His successor, who had bought Mears's declining business, 
twenty years afterwards thought he would try again, evidently 
with the object of advertising himself, on my once more 
publishing the fact that Big Ben U. was a disgrace to its 
founders. His workmen who had been with Hears had to 
confess the concealment of the holes, and again they and all 
his party asserted that it is impossible to cast large bells 
without holes, and that it was their regular practice to fill 
them up with cement coloured with bell dust: which both 
Taylor and Warner's people utterly contradicted, and I have 
every reason to believe, quite truly. 

ThoughDr. Percy had been asked to examine the bell as soon 
as the cracks were discovered, he was not allowed by Mr. Cow- 
per Temple, then First Commissioner of Works, to cut into 
it for nine months after. If that had been done at once, as I 
desired, Mears*s action would never have been heard of. 

He had also got a report from Sir G. Airy, who, although 
he declined meddling with the bells before because he did 
not understand them, felt no difficulty in giving judgment on 
them afterwards, with the help of two musical assistants and 
a fiddle ' tuned to thd pitch of the Italian opera '—as if the 
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pitch of the Italian opera had anything to do with the 
question whether five bells are good or bad, or in tone with 
each other. Mr. Torle, the organist of Westminster Abbey, 
had given his opinion before we certified them, that the four 
quarter bells were * all that can be desired, both in tune and 
tone,* which are very different things (for a set of iron pots 
may be in tune), except that * the fourth is a shade too flat.' 
But Sir G. Airy came to a very different conclusion, viz., 
that the fourth bell was a note and a half too sharp, and the 
first about the same, the third < rather sharp,' and the second 
alone right. On the whole, he was * much dissatisfied with 
those bells,' and thought two at any rate must be recast. 
Afterwards he began to have a little misgiving about it, and 
thought it might be advisable to try again before recasting 
them ; but he never did try again. I suppose it had then 
occurred to him, as a mathematical fiict of which he certainly 
was not ignorant, that the two bells could not be a note 
and a half too sharp without being a sixth less in diameter 
than they are, or else a great deal thicker. He also 
pronounced the great bell, which Dr. Percy had not then 
ascertained to be cracked three inches deep, and to have 
almost every possible unsoundness, ' perfectly sound for all 
practical purposes, and the cracks probably superficial,' and 
that it only wanted a lighter hammer /oc^ct with tin! 

This seems to have been too much even for Mr. Cowper 
Temple to swallow; for although he sent me one of the 
polite and intelligent epistles which I used to receive &om 
him and Mr. Alfred Austin, then the secretary of that office, 
saying that he ' disagreed with every word of the strictures 
I had sent him on Sir G. Airy*s report ' (as if his adoption 
of it made it less ridiculous), he afterwards consulted 
Mr. Turle again, and no quarter bells were recast, nor was 
the great hammer ^ed with tm; and after getting Dr. 
Percy's report he told the House of Commons that the bell 
was, not * perfectly sound,' but * irretrievably cracked,' as it 
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is, though the defect is mnch less perceptible than one wonld 
expect. The hours were struck on the fourth quarter bell 
for three years, which made them difficult to distinguish at 
a distance, and after a paragraph in the Globe to that effect, 
the striking was resumed on the great bell with a lighter 
hammer striking in a different place, which was easily done 
by my arrangement for turning the bell any degree round by 
giving it a mushroom or button-shaped top (see p. 212). 
When the new great bell of St. Paul's has taught people the 
difference between a cracked bell and a sound one, perhaps 
* this great country ' and * the model legislature of the world,* 
as it is the fashion to call them, may screw up their courage 
to the vast undertaking of recasting their own great clock bell 
at the cost of six or seven hundred pounds. 

The cost of the bells, including ;^75o for recasting 'Big 
Ben,* was under £6000, while the cost of the iron frame 
provided by the architect was about ;^66oo, partly in conse- 
quence of its being made too weak at first, so that it shook 
under every blow of the hammers, as I had told him that it 
would. And as the clock, with my hands, cost only ;^4o8o, 
while his hands and dials alone cost ^^5334, you see that 
the actual clock and bells cost much less than the architect's 
appendages to them. 

TEETH OF WHEELS. 
There are various treaties on this subject, and I only 
intend to say as much on it as it is necessary that a clock- 
maker should understand, if he means his wheels and 
pinions to run together smoothly instead of wearing them- 
selves out by jerking and scraping, which I have known to 
happen in a very few years. The most comprehensive view 
of the whole theory of tooth-drawing (at least of this branch 
of the art) is in a paper by Sir G. Airy in the 2nd vol. of 
the Cambridge Transactions, and it was further expanded by 
Professor Willis in his Principles of Mechanism. 
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Some persons have a mistaken impression thai the object 
to aim at in constructing wheel-teeth is to make them roll 
on one another without any rubbing friction. This can 
indeed be done by what are called involute teeth, of the 
shape described by a point in a string unwound off the 
circumference of a wheel: but they are really useless, 
because they are so oblique that they produce a squeezing 
pressure between the two wheels which is more than 
equivalent to any saving in friction. The great thing to 
aim at in describing teeth is to make the relative velocity of 
the wheels uniform from the beginning to the end of the 
contact of each pair of teeth, which of course involves also 
the absence of all concussion or drop of the teeth. Another 
point is to have the action entirely or chiefly between the 
teeth which are separating from each other, and not between 
those which are approaching, which is commonly expressed 
by saying that the action should be after the line of centres 
of the wheels and not before it. The reason of this will be 
evident at once if you draw some teeth with a very rough 
outline so as to give an exaggerated view of the effect of 
friction, for you will see that there is a degree of roughness 
which will make the teeth jam against each other and not 
let them slide at all as they approach the line of centres, 
but that no degree of roughness will do this when they are 
leaving contact or are past the line of centres. The most 
perfect thing is when the contact takes place for a very 
short distance only close to the line of centres; and this 
can only be with very small teeth, and therefore very high 
numbers (except with involute teeth, which I have already said 
will not do for another reason) . There is indeed a contrivance, 
which I have somewhere seen called White's gearing, for 
getting this kind of action with large teeth in heavy machi- 
neiy, by putting several large-toothed wheels close together* 
with the teeth of each a little behind the other, as in figure 
54 a (next page) : but this is never used in clockwork. 
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Eeliz-teeth.— A modification of this plan, though very 
anlike it in appearance, has been occasionally used in 
clocks under the erroneous name of the helix lever. The 
teeth certainly do at first sight suggest the idea of an end- 
less screw, but they are essentially different, the arbors 
being parallel, and not at right angles as in an endless 
screw. If you suppose a good many very thin toothed 
wheels put together side by side, each with its teeth a little 
behind its neighbour, they will present a surface like a 
rough tooth with a sloped face, as in the upper part of this 

figure a. Then go a step 
farther and suppose the 
rough edge to be smoothed 
off, and the result will be 
a smooth-faced oblique 
tooth, like the lower one 
in the figure, which will 
drive teeth of correspond- 
ing obliquity on another 
wheel, and the contact will 
be solely at the line of 
centres, where there is no 
fiiction. But when the 
teeth thus become smooth, 
there will evidently be a 
great endway pressure on 
each arbor, which there is 
not while the teeth are square, or belonging to separate 
wheels put together. This endway pressure may however 
be neutralised by again putting two such wheels together 
with the teeth sloped opposite ways as at b. There was a 
German turret clock on this plan in the 1851 Exhibition, 
which certainly went with a very small weight ; and small 
clocks with the single helix tooth had been made in England 
m^ny years before by Macdowall (see p. 100) which also 
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required less force than usual, from the smallnesB of the 
friction in the teeth. I do not know that the advantage is 
worth the expense ; but as this construction is very little 
known, I explain it in case it may be turned to any uso 
hereafter. 

Epicydoidal teeth. — ^It may be said without exaggera- 
tion, I believe. Fig. 55. 
that all the teeth 
now used in ma- 
chinery are con- 
structed either 
as epicycloids or 
hypocycloids, 
and the meaning 
of those words is 
this: — If you roll 
a circle AGP 
on another circle 
A B Y, the curve 
R P traced by 
any point P in 
the rolling circle 
is called an epi- 
cycloid to the cir- 
cle A R Y ; and 

if you roll the small circle AGP within ,2k larger than 
itself, such as A Q X, the curve P Q traced by P is a 
hypocycloid to that circle. And it is remarkable that 
if the tracing circle is exactly half the size of the one in 
which it rolls, the hypocycloid P Q is a straight line, and 
part of the diameter of the large circle, and therefore teeth 
so described are called radial teeth. 

Now suppose A R Y is the circumference of what is called 
the geometrical or pitch circle of a wheel which is intended 
to drive another, and A Q X the pitch circle of the wheel to 
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be driven, which is generaUy called the * follower/ but 
which I think it better to call the runner, as followers do 
not nsnally run before their driver ; then it is easy to see 
that the arc A P of the tracing circle is equal both to A B 
and to A Q, and also that the epicycloid is always more 
convex than the hypocycloid, and therefore that the point 
P in the tracing circle is always the point of contact 
between two teeth so traced, and the velocity of the two 
wheels is always the same as if their pitch circles rolled 
upon each other without any teeth at all; and therefore 
it is constant in all positions of the teeth. It is hardly 
necessary to observe that the teeth of the driver, to act 
after the line of centres, must be wholly outside its pitch 
circle, and those of the runner wholly within. The part 
of a tooth within the pitch circle is generally called its 
flank or root, and the part outside is called the point, or 
the addendum, and sometimes the curve, because the flank 
is generally made radial, ue, a hypocycloid described by a 
circle of half the diameter of the pitch circle. For it is 
further to be observed, that although the points of the 
driver and the flanks of the runner must be traced with 
the same circle, it is not the least necessary that the 
points and the flanks of the same teeth should be traced 
with the same circle. 

In clockwork the wheels always drive and the pinions 
run, except the 12 hour wheel in the dial-work, and the 
winding wheels and pinions if there are any. It can be 
proved, as you may see in Professor Willis's Principles 0/ 
Mechanism, but the proof is too long to give here, that no 
pinion of less than 11 leaves (except of a kind which I 
shall describe presently) can be driven entirely after the 
line of centres. A pinion of 10 can very nearly; and there 
is so much diflerence between the force required to drive 
pinions of 8 and those of higher numbers, that some 
spring clocks with MacdowalPs escapement which answered 
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perfectly with pinions of 10 or 12, failed with the common 
pinions of 8, for want of force to drive the two extra wheels 
in the train. Professor Willis gave the following table of 
the lowest numbers which will work together with all the 
action after the line of centres : — 

Driver 54 30 24 20 17 15 14 13 12 11 10 9 8 7 6 
Bonner 11 12 13 14 15 16 17 18 19 21 23 27 35 32 176 

The practical inference from this is, that if yon use these 
numbers, or any higher ones, together, the driving teeth 
require no flanks and the running ones no points : indeed 
if you mean to prevent any action before the line of centres, 
the runners obviously must have no points, because if they 
have they will be geometrically identical with the teeth of 
a pinion intended to drive the wheel after the line of centres 
when reversed. Suppose for instance, what is nearly the 




case in the Westminster clock, that the great striking wheel 
a^ one end of the barrel and the great winding wheel at the 
other are both of the same size and number of teeth, and 



DRIVINa AND BUNKING TEETH. 279 

that their pinions are also the same ; then as the striking 
wheel always drives, but the winding wheel is always driven 
by its pinion, the striking pinion and the winding wheel 
ought to have no points to their teeth, and the sections 
of the two wheels and pinions would be as in fig. 56, the 
right hand representing the striking part and the left the 
winding, and the adion being in both cases, you observe, 
after the line of centres A C, as the arrows indicate. 

It is evident that the same wheel cannot properly drive 
two unequal pinions with radial teeth. Whenever the 
same wheel has to drive two such pinions, the flanks of 
the pinion teeth and the points of the wheel teeth must be 
traced with the same circle, and that circle must not be 
larger than half the size of the smaller pinion, or else it 
will make the teeth of that pinion weaker at the roots 
than even radial teeth are, which are of course narrower at 
the bottom than the top, and therefore are a weak form, 
especially in small pinions. A case of this kind occurs in 
every clock on the patterns I have described at pp. 1&3 and 
196, and in the Westminster clock, and in short wherever 
the second wheel in the going train does not turn in an 
hour, and the dial work is driven independently. In this 
case, the 40 teeth of the hour wheel (or whatever the num- 
ber may be) reqaire no points, and should be hypocycloids 
described by a tracing circle of half the diameter of the other 
pinion of 10 or 12 which is driven by the great wheel, if the 
teeth of that pinion are radial. 

lantern pinions. — ^But there is another, perfectly 
different kind of pinion, which is much better for small 
numbers than radial teeth or leaves, viz. what is called 
a lantern pinion, and in old books, a * trundle.' These two 
figures {to.) will show its construction better than any ex- 
planation. I believe it is the oldest form of pinion in the 
world, but it had almost (if not quite) fallen into disuse in 
England, when it was restored in Dent's turret clocks about 30 
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years ago. They work with much less friction than common 
leaved pinions of low numbers, when driven, the ran npon 
them being less and the action wholly after the line of 
centres, and the shape of the wheel teeth requiring less 

Fig. 57. 




accuracy to drive them smoothly. They are not however 
proper for driving, because then you see the action comes 
all before the line of centres. In some French turret clocks 
the winding pinions are nevertheless wrongly made as 
lanterns, and the pins themselves pivotted instead of 
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rivetted in their sockets so as to torn while they are work- 
ingi which makes the working loose and shaky and the 
pinion itself very much weaker than when the pins are fast, 
and saves very little in friction hesides. 

For the purpose of geometrical construction, we may first 
consider the pins as heing of infinitely small thickness, and 
then the teeth which drive them would he of the dotted form 
P B in fig. 57, heing epicycloids traced on the wheel with a 
circle the full size of the pitch circle of the pinion. Then in 
order to get the shape of the teeth for pins of the actual size, 
you must gage off half the hreadth of the pin from each side 
of the tooth, which reduces it to p r, and you may leave on 
just as much point as will keep hold of the departing pin P 
until another tooth has got well hold of the next pin just as 
it crosses the line of centres. This operation of reducing the 
theoretical to the actual tooth is practically equivalent to 
tracing the tooth with a smaller circle : how much smaller, 
will depend on the numher, i.e. on the thickness, of the pins, 
in proportion to the size of the pinion. I find that a lantern 
of 8 or 10 requires a tooth which fits a leaved pinion of the 
same numher so nearly that I can see no difference in the 
curves on a pattern as large as 9 inches diameter ; and even 
with 1 2 the difference is very small ; although a theoretical 
lantern pinion with pins of no thickness requires the same 
shape of teeth as a radial pinion of twice its size. I have no 
douht that a lantern of 8 runs as easily as a leaved pinion of 
12, and of course it requires only ^ the numher of teeth in 
the wheel, and is also itself stronger, and much less liahle to 
hreak, hoth in hardening and in working afterwards. 

I may however repeat the caution that cast iron wheels do 
not work so well with steel pinions, which lanterns neces- 
sarily are (or rather, they soon wear them out), as with 
cast iron ; and therefore if the great wheel only is of iron and 
the smaller ones of hrass or gun metal, the pinions should be 
made of cast iron or steel accordingly. Also it should b« 
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borne in mind that yon cannot draw out an arbor with a 
lantern pinion endways, by unscrewing the front bush only ; 
and therefore they should not be used where you cannot con- 
veniently get at Uie back bush to take it off. These pinions 
are used in all the American clocks and also in the cheap 
German or * Dutch * clocks, both of which, it is well known, 
will go with an amount of dust in their insides which would 
stop a clock with leaved pinions completely. But the English 
clockmakers will not use them in small clocks; and as 
English small clocks are not yet made in factories, as large 
ones are, and as they are everywhere else in the world, the 
men who make them up have the power of obstructing every 
such improvement, and exercise it by immediately charging a 
higher price for every deviation from the common form, or 
for everything which they fancy is going to be applied to some 
new use. 

The leaved pinions of English house clocks are made out 
of * pinion wire,* which is in fact a very long pinion drawn 
through a hole like wire, and the leaves are turned off to form 
the arbor and pivots (see p. 21). The American and Dutch 
clocks prove clearly enough that lantern pinions can be made 
at least as cheap as others ; and if any man of skill, capital, 
and determination would follow the example of Mr. Hobbs in 
locks, and set to work to manufacture clocks in a factory of 
his own, we should soon see this and other improvements 
made, and the clock trade recovered out of the hands of 
foreigners, to whom it has been in a great measure sent away 
by this combination of workmen, who will ruin this and every 
trade in the kingdom if they are allowed to have their own 
short-sighted way. 

Inasmuch as English clocks are thus made by hand, and 
therefore probably no two are exactly alike, it is necessary 
to have a tool for marking the places where the holes for the 
pivots of the wheels are to be drilled, to bring them to the 
proper depth for working. This depthing tool is something 
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like two vices framed together parallel to each other, each 
carrying a thick sliding pin sideways through each of its 
jaws. These 4 pins have a small hole or * centre ' at the 
inner end and a point at the enter. The pivots of the pair 
of wheels to he fitted are pnt in the 4 centred ends of the 
pins, and the machine is adjusted hy trial till the wheels are 
felt to work together comfortably. Then the points at the 
outer ends of each pair of pins indicate the distance of the 
centres of the wheels, and may be used to mark that distance 
on the frame-plate. If you cannot get two wheels to work 
together without shake (so long as they are driven the same 
way) by any adjustment of their depth, the teeth are wrongly 
cut in one of them at least, and they have no business to be 
used. 

Internal wheels are wheels with the teeth turned in- 
wards, in which case the rim must evidently be raised in a 
di£ferent plane from the spokes. They are never used in 
clock-work, except for some special purpose, such as Sir G*. 
Airy's maintaining power in the Exchange clock (p. 151) or 
in a sun and planet wheel for the same purpose, neither of 
which are desirable, and in some train remontoires (p. 234). 
Whenever they have to be used they are best made with pins 
driven into the flat rim, especially if they have to be driven 
and not to drive. Otherwise the same rules apply to the 
construction of internal teeth as to external ones. They 
almost necessarily involve the fixing of the wheel or pinion 
which works into them on a stud instead of on an arbor 
with pivots, which is generally objectionable and ought 
never to be allowed if it can bo helped, either for wheels or 
pulleys. 

Bevelled wheels. — When the direction of motion has to 
be changed, as it often has in leading off to dial- work in 
turret clocks, bevelled wheels are used (as shown in p. 230). 
They may be made to act through any other angle just as 
well as 90°. The only condition to be satisfied is that the 
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teeth should in every respect converge to the point where 
the two arbors would meet if prolonged, as if they were on 
the faces of two cones. Nevertheless in a great many bevelled 
wheels, the sides of the teeth do not converge properly, 
the spaces being made of the same width all along, and so 
the teeth converge too much, and have no contact at all 
except just at their outer edges. The reason of this is that 
if the sides of two adjacent teeth are cut in the common way 
with the same cutter, the breadth of the cut is the same 
throughout, and not narrower at the inside than the outside, 
and therefore the teeth evidently taper too much. For- 
tunately there is seldom much pressure on the bevelled 
wheels in clocks, and therefore the defect is not very 
material : but still it is one, and its frequent occurrence is 
another reason why the bevelled wheels should be large in 
diameter rather than in thickness ; for the larger they are 
the less pressure there is on the teeth, and the less any 
inaccuracy of cutting is felt (as it is in wheels of all shapes), 
and also the less shake of the hands and wheels there will 
be for any given amount of shake in the teeth. 

Skew-bevelled wheels. — ^It may be worth while to know 
that bevelled wheels can be made with oblique teeth, to work 
with their arbors not in the same plane, provided they have 
only to work one way ; but the friction is very great if they 
work what may be called the wrong way, and even in the 
right way the friction is more than in the usual conical 
wheels. I have never myself seen any clock where it was 
necessary to resort to this construction, which may be found 
in books on machinery, and therefore I only mention it in 
case anybody may have occasion to resort to it. ^ 

Cams maybe defined as teeth which have to raise a lever, 
or a sliding rod, and not a succession of teeth, and therefore 
each cam must work up to its end, and drop the lever there, 
whereas in wheels a second pair of teeth may and always 
should come into action before the preceding pair have quite 



OULMS TO BAISE LEVEBS. 285 

separated. The simplest form of cams to raise a lever is 
that shown in any of the pictures of striking work of house 
clocks, figs. 33 to 36, viz. a set of pins stuck into the side of 
a wheel, which catch the lever at some distance from its end 
and work up to the end and then let it drop off. This does 
well enough for very light hammers requiring only a small 
clock weight, hut is the worst plan that could he invented 
for large ones. If you take the trouble to draw a wheel with 
8 pins in it, each pin acting on the lever through about 36° 
(leaving the difierence between that and 45° for the clearance) 
you will see that the angular lift of the lever towards the end 
of its motion is only one third of what it is at the beginning, 
and therefore ^ of the clock weight is wasted during part of 
the lift. And that is by no means all ; for if you look at 
p. 21 X you will see that, as turret clock hammers are usually 
fixed, the weight of the hammer acts more vertically or 
requires more force to lift it at the beginning of its motion, 
where the pin has least leverage or power, than at the 
end, where it has most ; and besides all this, the loss of 
power by friction in driving through short levers is much 
greater than through long ones with less angular motion. 
Under all these circumstances it is no wonder that the weight 
required to make a large clock strike is often three or four 
times the theoretical * duty ' of the clock, or the equivalent 
of the hammer x its lift x as many blows as it strikes for 
once winding ; i.e. that ^ or ^ oi the force is wasted in 
bad leverage and friction : whereas in the Westminster strik- 
ing part little more than ^ of the theoretical duty of the 
clock weight is lost in friction, leverage, and the necessary' 
clearance or drop for the lever. 

The first condition therefore which the striking cams 
ought to satisfy is they should begin to act at the end of the 
lever. It is not necessary that the action should be quite at 
the end all the way through, provided it is so at the begin- 
ning, where the lift is hardest for the cloe\, and at the end 
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of the action so as to let the lever drop suddenly ; for which 
reason also rollers are worse than half round pins, besides 
the reasons just now given against using pins at all. The 
curve which does keep the cam acting on the end of the 
lever throughout, and as a tangent to itself, without any 
scraping, is called in mathematics the tractrix. If you wish 
to describe it, the way is this. Set a smooth round board of 
the size of the cam wheel with stiffish paper pasted over it 
(to efface the grain of the wood) on a pin through the centre 
on a horizontal table ; and set also on the table, on another 
pin, a model of the intended lever, with a vertical pencil at 
its intended point, so as to press upon the paper, the lever 
being weighted a littie. 8et the lever on the line of centres 
and turn the wheel ; it will drag the pencil over its sur&ce 
in a curve which is the tractrix, unless it has been disturbed 
by some inequality of friction between the paper and the 
pencil, or at the axis of the lever; which is so likely to 
happen that you cannot safely rely on this construction, 
unless you find that a good many of the curves so traced 
agree with each other. 

It fortunately happens however, that there is an epicy- 
cloid which agrees with this so nearly that it may be 
used without sensible error. Suppose r is the radius of 
the circle which forms the bottom of the cams {i,e, their 
theoretical pitch circle, allowing nothing for clearing the end 
of the lever) and I the length of the lever. The lever will 
work as a tangent on its end throughout (without any appre« 
ciablo error for such length of cam as is ever wanted) on 
epicycloidal cams traced with a circle whose diameter = 
^f^^rl-^. Thus if r =8 in. and i=4 in. the radius of the 
tracing circle will = *95 in. Another advantage of these 
cams is that you may cut them off at any length, provided 
only you keep the lever of the proper length ; if you alter 
that you will get scraping friction, and soon wear out either 
iho cams or the lever. 
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If you prefer having circles to deal with instead of epicy- 
cloids, there is another form of cam, which was suggested to 
me by Mr. Effingham Lawrence (another horological lawyer, 
like Mr. Bloxam, and all the members but one of that jury 
in the 1851 Exhibition, both English and foreign), and which 
acts quite as well as the epicycloid or tractrix, provided you 
take care not to alter the length of the cam : i,e, you must 
not put more or fewer cams on the wheel than they are 
designed for, and you must take care that the proper dis- 
tance of centres of the wheel and lever is preserved. In 
fig* 58) C A L is the line of centres, and A B the space for 
one cam on their pitch circle ; by which I mean the space 
occupied in lifting, for you see a little space is left below the 
line of centres before the next cam begins, to prevent the 
lever dropping onto the cam itself, which shakes the clock 
most injuriously. A P is the arc of the lever. Draw A T, 
which is a tangent to the two circles at A, and B T a tan- 
Fig. 58- 




gent to the cam circle at B. That point T will also evidently 
be the place where a tangent to the circle A P at P would 
meet the others ; or in other words, T is the centre of a 
circle B P, to which the lever itself will be a tangent both at 
the beginning and the end of the lift, although the contact 
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will be a little way from the end during some intermediate 
part of the action. The backs of the cams mast be cat oat 
a little deeper than down to the pitch circle, to let the lever 
drop freely ; and it is important to remember that the end of 
the lever itself should not be left sharp, or it will cat off the 
ends of the cams if they are not very hard, and perhaps break 
them if they are. I know that by experience. 

It does net occur to me that cams can ever be required in 
clock- work for lifting a vertical rod sliding like a stamper. 
If any such case should occur, involutes of the wheel circle 
would be the right shape for the cams.* There may also be 
cases where it would be worth while to pull down a long 
striking rod by pins in the wheel catching a square hook at 
the end of the rod, and dragging it on with a little sideway 
motion until it is struck off the pins by a horizontal stop : 
this would avoid all the lever work and all friction except at 
the striking off of the hook. 

Oil for clocks. — ^I believe it is now generally understood 
that sweet oil is the worst that can be used for machinery, 
large or small, except when it is purified in certain ways not 
known to the public ; and then it is too expensive for use in 
large or common clocks. For them purified sperm oil, such 
as is now made wholesale for other machinery, is quite good 
enough. Common neat's-foot oil may also be purified into 
a very good oil, which will hardly freeze here. It can only 
be done in cold weather; it should be shaken in a bottle 
with water until it becomes a thick white soup, and then 
left to stand, and the fine oil that gradually comes to the top 
skimmed off, taking care to get none of the thick. If it is 
done in a warm temperature, oil appears at the top as fine, 
which has no business there, and will not remain fine in 
cold weather. 

* This is no exception to the epioydoidal rule, for an involute is* 
in fiict an epicycloid traced by a circle of infinite size, i.e, hy 
a straight line. 
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I have found two advantages in using the animal and 
sperm over vegetable oil, which some persons may be 
glad to learn. Working in iron with the common olive oil 
dirties your hands so that it is very difficult to clean them, 
whereas animal or sperm oil helps to clean them. It also 
preserves iron from rust far better and longer, and does not 
turn green on brass, Le, does not produce verdigris. I 
understand that petroleum is better still for preventing rust. 
It is difficult to make amateur clock-cleaners understand or 
remember that putting oil to pinions driven by brass or gun- 
metal wheels wears them out ; but this does not apply to 
cast iron ; and all pivots should be oiled, and acting surfaces 
generally. Oil must never be put to the beat pins of a 
gravity escapement, or it will make them stick to the 
pendulum quite enough to affect its rate ; but it should be to 
the .pallet pivots. I have known the want of it, both there 
and in the common pallet pivots, affect the arc sensibly. 

It must be remembered that oil has always a tendency to 
run away from small points of teeth, the ends of pins, &c., 
to the thicker parts of the wheel. In some French clocks 
the teeth of the dead scapewheel are accordingly made with 
a kind of lump at the end ; but this wastes more space in 
the clearance or drop, and it is never done in English clocks, 
so far as I have seen ; nor do I know anything that will 
answer—except putting on fresh oil when it is wanted. Dirty 
oil should always be cleaned off before putting fresh oil on. 
When it has got very thick it sometimes requires soda in 
warm water to remove it. 
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The early history of watches is no less obscure than that 
of clocks, though many centuries later. Tradition assigns 
the invention to the town of Nuremberg, in the fifteenth 
century. According to a once famous book, Derham*s 
'Artificial Clockmaker/ of 17 14, and Beckmann's 'History 
of Inventions,* they appear to have existed in the time 
of our Henry VIII., and of Louis XI., of France, and 
especially of the Emperor Charles V., who used to keep 
many watches going, as near together as he could. Erasmus 
had a watch given him by a Polish nobleman, early in the 
sixteenth century. And by Queen Elizabeth*s time they 
had become pretty common, and are alluded to by Shakspeare, 
in Twelfth Night — * I frown the while, and perchance wind 
up my watch.' The London Company of Clockmafcers was 
incorporated in 1631 ; and not long after that, the invention 
of the spring balance, the distinctive element of watches, 
was contended for between Huyghens and Dr. Hooke, who 
both claimed the invention of the pendulum for clocks 
(see p. 30). It seems clear that Hooke first enunciated 
the discovery of the isochronism of springs in the short 
sentence, Ut tensio sic vis ; or the force varies as the degree 
of tension : which rule however we shall see presently hav 
two rather curious exceptions. 

The main-spring of a watch is a thin ribbon of steel 
coiled up in a barrel round a strong spindle, to which one 
end of the spring is fixed, the other end being fixed to the 
barrel. When it is wound np the coils lie close together 
upon the spindle or arbor, and as the spring runs down, the 
coils separate from the arbor, and lie close to the barrel. 
The simplest construction, still used in most of the foreign 
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watches, is for the barrel arbor to be the winding arbor, 
having a ratchet wheel squared onto it, held by a click on 
the frame or plate of the watch, and the great wheel is on 
the barrel itself; and in this case, as I explained at p. 145, 
with reference to spring clocks, no temporary maintaining 
power or ' going barrel * is required to keep the watch going 
while you are winding it up. But it is obvious that as the 
force of the spring is greater when it is tightly wound up 
than when it is loose, the force of the train will be very 
far from constant throughout the day, although that may not 
affect the going of the watch from one day to another. On 
the other hand, there is found to be a very singular exception 
to that rule of Dr. Hookers, stated just now, inasmuch as 
there is a position of the spring coiled in a barrel in this 
way, in which there is no material variation of its force for 
a few turns. And certainly some of the foreign watches 
made in this way go very well. 

Even if a watch does go rather faster at one time of the 
day than another (which it is not certain that such watches 
do), it is of no consequence, provided they go uniformly 
from day to day; and there has been strong testimony 
published in the Horological Journal, that they do, when 
well made, of course. I have seen watches with tapered 
main-springs (though the foreign ones are not tapered), in 
which you could not perceive any difference in the force, by 
the usual testing apparatus of a weighted lever, whether 
the spring was wholly wound up or not. And if this is 
so, the addition of any more machinery, being superfluous, 
is mischievous, and only increases the expense and size of 
the watch, and risk of the chain breaking, perhaps the most 
common of all accidents. There is evidently a tendency 
in watch-making now to dispense with such machinery, except 
for marine chronometers, which are required to go uniformly 
at all times of day, and not merely from day to day. 
Accordingly, both in Switzerland and America, which are 
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gradoally stealing away our common watch trade, as wefl as 
that in many kinds of clocks, the fusee and chain (which I 
will describe presently) are almost universally omitted. 

But in that case there is another risk of breaking, for 
when the spring breaks, the barrel recoils violently from 
the sudden removal of the pressure, and often breaks some 
teeth of the great wheel fixed upon it. Partly .to avoid 
this, and also for general improvement in strength and 
arrangement of the train, the American watches, as made 
by the * Howard Company,* under a patent by a Mr. Reed 
of 1857, have the spring contained in an immovable barrel, 
which is a solid part of the upper plate of the frame 
(calling the dial side the 
lower). The outer end of the 
spring hooks to the barrel as 
usual, and the inner end to 
the winding arbor, on which 
the great wheel rides, with a 
spring maintaining power, just 
like those of a clock de- 
scribed at p. 149. For safety 
also, the main-spring is held 
by two clicks, much stronger 
than the single one generally 
put into fusee watches, and the maintaining spring is also 
very strong. Fig. 59 is a plan of this, and fig. 60 a 
section of the whole watch. It may be observed also that 
a watch of this kind turns the same way in winding as 
one with a fusee, whereas the common foreign watches turn 
the opposite way : not that there is any real importance in 
this, except that the absence of uniformity sometimes causes 
people to wind a new watch forcibly the wrong way. 

To prevent that, Bregnet invented what is called the tipsy 
key, not that that adjective belongs to the * winder,' in the 
olockmaker's sense of a key, but in the more human sense. 
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The handle is connected with the pipe by a pair of ratchets, 
which would be called clutches in large machinery, which 
can pass each other one way, bat not the other ; and they 
are kept together, and then hardly visible, by a spiral 
spring, which gives way, and lets one pass over the other 
if the handle is turned the wrong way. 
The best shape for a winding key is 
like a pencil with a rough handle, to 
enable you to twirl it more easily 
between your fingers. You thereby 
apply less force, and are less likely to 
do mischief by wrong, or over winding ; 
and moreover you keep the watch 
steady, instead of turning it in your 
left hand, and agitating the balance at 
every turn. 

If you compare figure 60 with 61, 
you will see that in the latter, which 
is the common English fusee and chain 
watch, the third wheel of the train 
has to be sunk in the plate below the 
centre wheel, whereas in the American 
watch (fig. 60) it stands free and 
clear. There are a few other things in 
this arrangement which had better be 
postponed till other parts of the watch 
have been described, and we will 
proceed with the description jof the 
common English watch construction, 
and therein first of the 
Fnsee. — ^That piece is a hollow-sided cone, which you 
see in this picture of a chronometer or English watch move- 
ment, with a chain round it and the barrel, and the 
great wheel is no longer on the barrel, but on this conical 
piece called the fusee. When the spring is wound up 
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and its force is greatest, the chain acts on the small end 
of the fusee, and therefore with the smallest leverage ; and 
as the spring unwinds, the chain acts on a thicker part of 
the fusee, and it can be, and in good watches is, so adjusted 
that the force on the train and escapement is constant. It 
was suggested by Mudge, the inventor of the lever escape- 
ment in the form now used in 99 out of 100 English 




watches, that the usual position of the chain is wrong : and 
so it is ; for you see in fig. 61 that it acts on the opposite 
side of the fusee to the centre pinion, and consequently the 
pressure and friction on the fusee pivots (which are neces- 
sarily large ones) is the sum of the force of the spring on the 
fusee and of the great wheel on the pinion ; whereas if the 
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spring acted on the same side as the pinion, it would only 
be the difference* I confess I know no reason why the 
common arrangement should be adhered to, except that it is 
the common one, which is generally considered reason enough 
for anything bad. 

The train of wheels in a watch is much the same as in a 
clock, except that the scapewheel is not the wheel which 
turns in a minute and carries the second hand, but is another 
faster wheel. In a pocket lever watch the balance generally 
beats in a-pths of a second, and in a chronometer either in that 
time or in ^ sec. The scapewheel generally has 15 teeth, 
and therefore turns in 6 seconds, or something near it. In 
a good lever watch the pinions are generally 7, 8, 8, 10, and 
the wheels 63, 60, 64, 75 ; in a pocket chronometer the 
pinions are 8, 10, 10, 12, and the wheels 80, 75, 80, 72 ; in 
box or marine chronometers the numbers are still higher, the 
pinions being 10, 10, 12, 14, and the wheels 80, 80, 90, 90. 
Box chronometers are generally made to go rather more than 
2 days, though they are wound up every day, and they have 
a small hand on what is called the ' up and down ' circle in 
the dial, indicating how far the barrel has run down. In 
these watch trains it must be observed that where a slow 
wheel has fewer teeth than a quick one, the teeth must be 
larger, or the wheels could not be put into the frame. I 
think no pinion so low as 7 should be admitted, and I can- 
not understand why 9 should be a prohibited number in clocks 
and watches, as it seems to be, or at any rate was until 1 
introduced it frequently in turret clocks. 

Common watches have the balance above the upper plate. 
What are called three-quarter plate watches have a large 
piece of that plate cut away, and the balance lies about level 
with the rest of the plate, and most of the wheels have their 
upper pivots in cooks screwed to the lower plate. This 
saves thickness in the Tiatch. 

Winding stops. — A watch, or a spring clock, with a 
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fasee, is stopped from being overwooiid by a long tooth which 
you see in fig. 61, sticking oat from the thin end of the 
fusee. There is a spring lever with a hook fixed to the 
frame with a little play on its pivot, so that when the chain 
comes to that end, or the fusee is full, it pushes the lever 
just far enough for its hook to catch the tooth, and so stops 
the winding. In foreign watches without a fusee, a thing 
called the Geneva stop is used : it consists of a small wheel 
on the barrel-arbor, with only one tooth in it, and the rest 
of the circumference filled np blank ; this tooth works into 
the teeth of another loose wheel, with the hand on it in 
fig. 62, which has only as many teeth as the turns that the 
barrel has to make in winding, and has also a blank space in 
its circumference. The one-toothed wheel turns the loose 
wheel through the space of one tooth for every turn of 
the barrel, and when those teeth are all past, the one-tooth 
jams against the blank in the loose wheel and lets the barrel 
turn no more, and so stops the winding. These two wheels 
are above the upper plate. The same thing might be put 
on a fusee arbor, but the spring stop is preferred. 

The ' «p and down dial/ just now described, on the usual 
construction, involves 
an additional pair of 
wheels. But Mr. A. 
L. Dennison of 
America, now settled 
here, who is said to 
have been the origina- 
tor of watch-making 
by machinery (which 
at last is taking root 
here, at Messrs. 
Botberham's well- 
known watch fac- 
tory at Coventry), patented a modification of the Geneva 
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stop which enables this kind of indicator to be added without 
any more wheels. It consists merely of adding a short 
arbor and hand to the loose or second or star wheel of the 
Geneva stop, which is applied to watches on the American 
plan described at p. 292. These pieces are shown in this 
figure 62y of which the right hand part is the plan and the 
other the section. This is not of so much value in a 
common watch as in a chronometer, but is convenient 
to be able to see at a glance whether you have wound 
your watch up fully, without the risk of straining it in 
trying. 

The dial wheels of a watch are more lik» those of a 
turret clock than of a house clock in the division of the 
numbers of the teeth, as there is no occasion for the inter- 
mediate wheel called N in pages 134, 164, to turn in an 
hour, as it does in house clocks to discharge the striking, 
and even in silent clocks for uniformity. The hand sockets 
are also only held on by friction without any spring. In 
other respects the train of a watch is substantially the same 
as that of a small clock until we reach the escapement, except 
that there is one more wheel in the train, for the reason 
given just now. The dial pinions in a good watch are 12 
and 14, and the wheels 42 and 48 ; in a box chronometer 
they are 14 and 18, and 54 and 56. 

Balance npirmg. — ^The rest of the machinery of a watch 
only differs in size from that of a clock, until we come to the 
escapement and the balance. We shall consider the various 
escapements presently, but the object of them all is the same 
as in clocks, to produce an escape of teeth by the vibration 
of a balance, the time of which depends on its own moment 
of inertia and a coil of very thin steel wire called the balance 
spring, and sometimes popularly the hair-spring from its thin- 
ness, and sometimes (very absurdly) the pendulum-spring, 
though it is of the very essence of a pendulum to act solely 
by gravity and the essence of a balance to be free from the 
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action of gravity, or else the ' balance ' is not balanced and 
the watch will go differently in different positions* The 
spring by which a pendulum is hung produces no sensible 
effect on its time, and is only used to avoid the friction of 
any other mode of suspension. 

The balance-spring is fixed at its outer end to a stud in 
the watch, and at its inner to the balance arbor or staff, and 
at the neutral position of the spring the balance is at the 
middle of the escape. In some kinds of escapements there- 
fore the balance cannot stand still if the watch is wound up ; 
and in all of them the spring tends to bring the balance back 
again after it has gone a certain distance, depending on the 
force of the escapement and the cleanness of the pivots and 
teeth on one hand, and the strength of the spring on the 
other, and then the balance swings an equal distance beyond 
zero the other way. Whereas in the original clocks with a 
balance but no spring (p. a3) it was only the recoil of the 
escapement that brought the balance back again, and such a 
balance could not have been used with any kind of dead 
escapement, because it would never have returned. More- 
over, considering that a pendulum moves by gravity, through 
an arc of only 4^ or 5^ with a variation never amounting 
to 30' in a good clock; while the balance swings indepen- 
dently of gravity through an arc of sometimes 400^ and 
sometimes no more than 100°, it is evident that a watch 
escapement must be a very different thing from that of a 
clock. 

When I say that a balance is independent of gravity, you 
must remember the distinction between mere mass, which 
we denoted by the letter M in treating of pendulums, and 
mass acting as a force by means of its weight, ue, by the 
earth's attraction, which we called M^. The mass and the 
moment of inertia of a balance have quite as much to do 
with its motion as they have in a pendulum, but the force 
which makes it vibrate or return from the impulse given in 
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the escapement is not gravity, which must be entirely ex- 
cluded, for the reason just now given. It was to this 
balance spring that Hooke's law of the force varying as the 
tension or space moved through (which always implies 
isochronism) was meant to apply, and does apply pretty 
generally ; but not invariably, because it is found that not 
every length of a given spiral spring is quite isochronous, but 
only certain lengths, which have to be determined by ex- 
periment. 

The time of vibration therefore depends on the moment of 
inertia of the balance directly and the force of the balance 
spring inversely ; and in a given spring the force varies 
inversely as the length. Consequently you can quicken the 
vibration either by reducing the moment of inertia or the 
size of the balance, or by shortening the effective length of 
the $pring. The latter method is used in all common watches, 
and the former in chronometers and watches in which ex- 
treme accuracy is aimed at. 

Regulation of a common watch, to make it go faster or 
slower, is done by a lever or index SPT (fig. 63), which 
turns on a ring set on the watch plate (through which the 
Btaff or arbor of the balance has to pass from the inside to 
the outside of the watch frame), and it has two small pins at 
P which embrace the spring, one end of the spring being 
fixed to the frame at B and the other end to the balance at 
S. It is evident that as you turn the regulator to the right 
you shorten the length of the acting part of the spring and 
so make the vibrations faster, and if you move it to the left, 
slower. If the regulator has been moved as far toward /(7«t 
as it can go and the watch still looses, the spring must 
be taken up altogether at B ; and then in order that the 
balance may still be in the middle position of the escape- 
ment when the spring is neutral, the piece S by which 
it is attached to the balance is itself a ring which fits 
tightly round the staff and can be moved when the balance 
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is taken out, to alter the position and length of the 
spring. 

It must have occurred to 'everybody who has had to regu- 
late a good watch for very small errors that there is a want 
of some better method than the common one both for moving 
the regulator and for seeing how much you move it. Occa- 
sionally, but very 
rarely, the index is 
made to move by a 
tangent screw, turn- 
able by the watch 
key, and I am sur- 
prised that good 
watches are not al- 
ways made in this 
way. But I have 
lately seen another, 
in the American 
watches referred to 
at p. 296, which is 
still more delicate, 
and also easier to 
make. The index 
is resisted one way 
by a slight spring 
fixed to the plate, 

and a common screw, iu the same direction as a tangent 
screw, acts upon it the other way. This avoids the shake 
of a tangent screw, and you know that however little you 
turn the screw you move the index some distance. In 
these cases you must learn by trial how much half a turn 
of the screw accelerates or retards the watch per day, and 
after that you can regulate it to the utmost nicety — so far 
as its errors are amenable to regulation. 

Another method suggested by the late Mr. Dent is showu 
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in fig. 63. Instead of being made with a point, the index 
has fine bevelled edges \ymg quite over the index plate, 
which is to be made with oblique divisions and two or three 
cross lines, like the scale generally engraved on a dividing 
rule : this enables the eye to measure much smaller divisions 
than could be either seen or cut upon a degree plate of the 
common form. But this does not remove the difiiculty of 
moving it a very little, and the screw is manifestly better. 
The old plan of a segment of a wheel turned by a pinion 

with the index fixed to it 
^*«" ^'^' (fig. 64) is better than 

the common one, and I 
do not know w^hy it is 
disused. 

This mode of regulat- 
ing by shortening the 
effective length of the 
spring is not accurate 
enough for chronometers 
for another reason, viz. 
that all lengths of the 
spring are not quite isochronous for diflferent arcs of vibra- 
tion, and therefore if you have got the spring adjusted 
for an isochronous length, it will become unisochronous 
if you shorten it a little ; and moreover a spring moving 
in that way, partly held fast at the ends and passing 
loosely through curb pins at P, is not so steady as 
one held fast only at the ends. Chronometer balances 
are therefore regulated by timing-screws ^ which are screws 
with heavy heads set in the rim of the balance: screw- 
ing them in of course diminishes the moment of inertia 
and quickens the balance, and vice versa. In chionometers 
also the spring is generally made as a cylindrical spiral and 
not a flat one. Some chronometer makers have doubted 
whether there is any advantage in the cylmdrical form, but 
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H is now almost aniversally adopted, and therefore I 
suppose the halance of experience is in fiftvoar of it. It is 
now said that the host form is one that combines both, 
or a cylinder returned into a flat spiral both at top and 
bottom. 

But the quality of the spring is probably of more import- 
ance than its form. A medal of the highest class was 
awarded in the 185 1 Exhibition to M. Lutz of Geneva for 
some balance springs, made by a secret method, which bore 
being pulled out nearly straight, and laid on a hot plate 
without sufifering any change of form, which was not the 
case with any others which were then submitted to us. 
I see that aluminium bronze has been successfully used in 
Saxony for balance springs ; but I know nothing more of 
them. 

Olasfl Balance spri2ig8.~^X^^s^ ^^'® suggested by 
Berthoud but have been very little used. The rate of a 
chronometer with a glass spring, which Dent sent to Green- 
wich many years ago, was very good ; and they have the 
advantage of varying so much less than steel or any other 
metal in elasticity that they require very little compensation 
of the balance. I do not know why they have not been more 
used, unless it be from the fear of breaking them when any- 
thing is done to the watch. It appears that with them, as 
with steel springs, the watch always gains after a new spring 
has gone a few months, as if it acquired more elasticity by 
working ; and this is analogous to what takes place in bells, 
which become more sonorous, i.e. more elastic, after a few 
months ringing. 

Timing for position. — ^As a watch sometimes lies flat on 
a table, and sometimes vertical, and not always in the same 
position in your pocket, it is necessary that the balance 
should keep the same time in all positions, both horizontal, 
and with either iii, vi, ix, or xii, upwards. With a heavy 
balance it is impossible to get the same arc of vibration when 
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the watch is vertical and horizontal, because the friction of 
the pivots is much greater when they are acting on their 
sides than on the point of one of them. If you take a small 
chimney-piece clock with a balance and hold it sideways so 
that the balance becomes vertical and its staff horizontal, 
you will see the vibration diminish very much, and then the 

least want of isochronism 
Fig- ^5. in the spring will set the 

rate wrong. Marine chro- 
nometers, which are only 
very large watches, are 
therefore always set hori- 
zontally' in a box,. in gim- 
btils, as in this drawing, 
which keep the watch hori- 
zontal, even when the box 
is tilted by the ship : if the 
box is tilted at E or W, it 
turns on the outer pivots N 
S of the gimbal ring, and 
if the N or S side is tilted, then the box and ring together 
turn on the inner pivots at W and E leaving the watch 
steady. The level of the pivots should be only just 
enough above the centre of gravity of the watch to 
make it keep its level, for if the c. g. is much below the ' 
points of support the watch will swing when they are 
moved. 

Ship time-pieces. — There is another kind of ship-clocks 
made to hang against a wall, not pretending to the accuracy 
of chronometers, but a very neat and convenient and cheap 
form of time-piece for other places as well as ships. They 
are a large 8-day lever watch with the balance staff and the 
scapewheel arbor vertical, and therefore the third wheel in 
the train a contrate or crown-wheel as at p. 28. Like other 
things, they are of very different qualities with the same 
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external aspect. They do not work well without a fosee, 
though many of them are made so for cheapness, and the 
eontrate wheel arbor ought to have an end-stop to the pivot 
which tends to push away from the scapewheel pinion and 
work upon its shoulders, and the two vertical arbors 
ought still more to have their lower pivots resting on stops, 
either of hard steel or jewels, to take the weight and fric- 
tion ofif their shoulders. End stops are sometimes put to 
the horizontal arbors of highly finished clocks ; but as there 
is no end pressure on them, I think it is hardly worth while 
there, though it is in the two cases I have just mentioned. 
Chimney-piece clocks with balances (the only ones which 
housemaids will allow to go, unless they, are too heavy to 
move) ought always to have them compensated, for other- 
wise the great changes of temperature to which they are 
exposed will make it impossible for them to go right, as I 
shall now explain. 

COMPENSATION OF BALANCES. 

Watch balances, or rather the springs on which their time 
depends, vary much more with heat and cold than pendulums, 
and therefore compensation is still more essential if you 
expect great accuracy of rate; and if it were not that 
watches are kept at a pretty even temperature during the day 
by near contact with men's bodies, their variations in hot and 
cold weather would be enormous : women's watches being 
generally worn loose, go worse than men's for that reason. 
A small portable clock with a balance uncompensated goes 
twenty times worse than the commonest pendulum clock. 
The balance itself also expands a little with heat, as a pendu- 
lum does, but the e£fect of that is small compared with the 
variation of the force of the spring. It appears from some 
experiments made by Berthoud in 1773, and others by 
Dent communicated to the British Association in 1833, 
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which nearly agreed, that the loss of time due to expansion 
of the halance for a rise of temperature from 32° to loo"" is 
not a 5th of that due to the loss of elasticity and elongation 
of the spring, and that the two together amount to no less 
than 6^ minutes a day ; and a variation of 33° would pro- 
duce a variation of an hour in 3 weeks ; whereas we saw that 
a common iron wire pendulum would only lose 10 sec. a day 
for such an increase of heat, and a wooden one not more 
than i}i seconds. 

The first watch compensation was made hy Harrison, who 
has heen mentioned several times already as the inventor of 
various horological improvements ; and he received the first 
parliamentary reward for improvements in chronometers 
\vith a view to finding longitude at sea. His method is quite 
disused now, and indeed he was himself dissatisfied with it, 
and suggested that the compensation ought to he done in the 
balance and not by any contrivance for altering the effective 
length of the spring, which was the principle of his own and 
all the early compensations. For this purpose he put the 
curb pins (P in fig. 6^ p. 300) on a compound bar, of which 
one side was made of brass and the other of steel. As 
brass expands more than steel, the bar bends to the steel side 
when the heat increases, and thus the curb pins were moved 
along the spring, as they are by hand in the common regulator. 
It is not necessary to dwell on any of the various modifica- 
tions of this plan, as they are all now abandoned for the 
balance of compound bars, which appears to have been first 
made, as well as a mercurial compensation balance, by Julien 
le Boy, a celebrated French clockmaker, but afterwards 
much improved by the first Arnold, Earnshaw, and various 
other English makers. A great variety of these early con- 
trivances may be found in Bees's Gyclopsedia by those who 
are curious about them. 

The plan which is now always used, with some modifica- 
tions in certain cases, as I shall explain afterwards, is 

X 



Z06 COMMON METHOD. 

exhibited in this drawing: tat' is the main bar of the 
balance, with the timing screws t f for regulation at the ends ; 
and tb,t!l/Bxe two compound bars, of which the outside is 
brass and the inside steel, carrying weights h b\ which may 
be screwed on at di£ferent places. As the heat increases^ 
those bars with their weights 
bend inwards and diminish 
the moment of inertia of the 
balance. The only secure 
way of making these balances 
is to cut them out of a solid 
steel disc round which melted 
brass is run which brazes itself 
fast on. This plan of uniting 
the metals was introduced by 
Eamshaw, it appears, besides 
various other improvements 
in the construction of chro- 
nometers, in which very little alteration Las been made in 
nearly loo years. The principal expense of a really com- 
pensated balance is in the time required for adjusting it, 
which can only be done by tiial. Many watches are sold 
with balances only constructed for compensation but never 
adjusted, and therefore under or over compensated, or with 
no regularity in the action of the compensation ; and some 
still worse, with a mere sham compensation, resembling a 
compensated balance only in appearance, sometimes not even 
cut through. 

The chroaometrical thermometer is simply a watch 
with a balance compensated the wrong way, i,e, with the 
brass inside and the steel outside, so as to increase the 
retardation from heat and the acceleration from cold. The 
use of it is to measure the quantity of heat or cold received 
during any given period witfiout recording the actual degree 
of heat or cold at any particular time. It is therefore 
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ased at ibe Greenwich Observatory for trying the rates of 
compensated chronometers under great variations of tem- 
perature. 

Seooadary oompensation. — ^When chronometers had 
been brought to great perfection, so as to go with scarcely 
any sensible variation of rate while they were kept within 
moderate limits of temperature, it was observed that they 
always lost if the temperature either rose or fell beyond 
those limits ; and on the other hand, if the compensation 
was adjusted for two extreme temperatures, then the watch 
always gamed at mean ones. I believe it has never 
been disputed that old Mr. Dent was the first person to 
explain the cause of this error, in the Nautical Magazine in 
1833; and he gave the following illustration of it: The 
diminution of the force of the spring proceeds uniformly in 
proportion to the increase of heat, and may therefore be 
represented by a straight line inclined at some angle to 
another straight line which is divided into degrees of tempera- 
ture. But the inertia of a compound balance such as I have 
described cannot be made to decrease quite as fast as the 
heat increases ; and therefore its rate of variation can only 
be represented by a curve, and can only coincide with the 
straight line representing the variation of force of the spring 
In two points, either the two extremes, or two means, or one 
mean and one extreme point : in other words, the compensa- 
tion can only be exact for some two temperatures for which 
you may choose to adjust it. 

The same thing may be shown mathematically as follows : 
Let r be the distance of the compensation weights from the 
staff or axis of the balance, and we may call them both together 
M, and for this purpose we have nothing to do with the rest 
of the balance. Let dr be the increase of distance of the 
weights for some given decrease of heat. Then the new 
moment of inertia of the balance will be M (r * 4- 2 r dr -f- dr^) , 
and the ratio of the new inertia to the old will be 



or 
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X + + I — j ; and now the term I — j is too 

large to be disregarded as it may be in the similar formula 
for pendolamSy because dr must be much larger in proportion 
to r than it is in a pendulum, as we have seen already. Again, 
the ratio of the moment of inertia for an equal increase of 
heat to its amount of inertia in the middle state, will be 

2 dr /dr\« 
I "'" \"") » ftss^iD^g *^* equal successive incre- 
ments of heat produce equal variations of r, which however 
is not quite the case, as it is in pendulums. Consequently 
the increase of moment of inertia, for a given rise of tempera- 

— ) 9 

the compensation fails to that extent in one of the three 
states of cold, middle, or hot temperature. 

The correction of this error is called the secondary or 
auxiliary compensation, and it is the point to which I think 
every chronometer invention for the last thirty-five years 
has been directed, chiefly because the chronometers are now 
exposed to such extreme and unnatural variations of tempera- 
ture in the Greenwich trials — nearly as much as 100'', that 
the attention of the makers seems to be withdrawn from 
everything else ; and every year's tables display an 
increased number of contrivances for this purpose, but 
no increased accuracy in the recorded rates of the best of 
them. 

Greenwich trials. — When the rates of some chrono- 
meters were returned to Greenwich after one of the Arctic 
expeditions, the Astronomer Boyal reported that they had 
been kept so warm that they a£forded no test of the relative 
value of the different modes of compensation employed in 
them. I think it might also have been inferred from that 
fact that the trials at home in such unnatural variations of 
temperature are only calculated to test a single and com- 
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paratively immaterial quality of the chronometers, and to 
frighten away from pahlio trial every invention for the 
general improvement of the instrument in other respects. 
Any nautical man who wants chronometers for real use 
would rather have one that would not vary a second a 
week in such temperatures as it is likely to he exposed to 
in any voyage in a ship's cahin, than one which may possihly 
go hetter than it at some extreme and improhahle variation 
of temperature, hut worse in all ordinary and prohable 
variations. 

Mr. Hartnupp*s report of the trials of above looo chrono- 
meters at Liverpool, in 1872, says that the best of them, 
with the ordinary compensation, generally gain 6 sec. a day 
more at 70^ than at 55^ or 85°, if the compensation is 
adjusted for these two temperatures, and that those which 
have the same rate at 55*" and 70^ or at 85'' and 70% 
lose 1*5 sec, for a change of 15'* below or above the 
temperatures for which they are compensated. He adds, 
that the connection between rate and temperature remains 
constant for a long time. 

Eiffo's oompensation balance was the first invention 
for this purpose which was disclosed ; and a reward of 300Z. 
was therefore given him by the Admiralty on the recommenda- 
tion of the late Astronomer RoyaL At the very time while 
this invention was under trial at Greenwich, Mr. Molineux 
took out a patent for one precisely similar ; which is only 
one of the usual proofs that when the time is ripe for an inven- 
tion, it is almost sure to be made by several people at once* 
of whom one gets rewarded — or suflfers, by a patent. Mr. 
Eifie described several methods for effecting i^e secondary 
compensation; the one which he chiefly relied on, and 
which has been followed by some other makers, is a balance 
in which the compensation bar, or a screw in it, is made to 
reach another in the form of a spring with a small weight 
upon it, when it has bent inwards to a certain extent, and it 
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earries that other with it, so as to diminish the moment of 
inertia still more than the single compound har. It seems 
an ohvioas objection to this, that it is discontinuous, i,e,, that 
the secondary compensation comes mto action suddenly at 
one change of temperature only. Nevertlieless it appears to 
answer as well as or better than many others which are free 
from that objection. 



Denfs balance.— That 

Fig. 67. 



objection was obviated in 
Dent's balance, of which 
also there were several 

i forms : this is the one which 

( he proposed as the best 

I in his pamphlet on the 

■■ ^ H subject. The flat cross- 

bar r r is itself a compen- 
sation bar with the brass 
below and the steel above, 
so that if the compensation 
weights bb' were set upon 
upright stems from the bar 
they would be bent in to- 
wards the axis when the 
heat increases. But they 
are in fact set upon some other bent compensation bars s tf 
8 1^, of which the brass is inside the bend, and consequently 
the weights approach the axis more than if they were set on 
stems of fixed length ; and as they can be set anywhere on 
the stems the compensation is thus adjustable. The reason 
why the bent bars stand outwards across the principal bar 
is to leave room for the balance spring, which is attached 
to the smaller cross-bar d shown in fig. 67, in which the 
spring is omitted to avoid confusion. This compensation 
has the advantage of being continuous. 

l^seby's balance was an ingenious alteration of a pre- 
vious mercurial compensation of Le Roy into this form. 
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D D are the weights on the usual compound bars B B, for 
the primary or principal compensation. Besides, there are 
two small bent thermometers with the bulbs at F, and the 
tubes at E, into which the mercury runs as the heat increases, 
and so more of the weight of the balance is carried inwards than 
is due to the mere bending of the primary bars. The tubes 
are sealed with a little air included. C C are the usual timing 
screws independent of the compensation. The action 
here is equally continuous with Dent's, and Loseby's 

TW. 68. 




chronometers generally got a very high place in the Green- 
wich lists during the seven years in which he sent them 
there ; and he would have done wisely to be content with 
that success. But he applied no less than four times for a 
reward for his invention, and the Astronomer Royal four 
times reported against his claim, on the ground that his 
balance was neither the first to do what was wanted, nor 
was proved to be the best. Mr. Loseby then sent to the 
Admiralty a long memorial, containing a comparison of the 
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rates of his chronometers with others in the Greenwich lists 
for 5 years, to prove that his was the host; and the last 
horological paper to which old Mr. Dent pat his hand hefore 
his death was a counter statement, showing that a proper 
analysis of those very trials exhibited Loseby's compen- 
sation to be decidedly inferior to Dent's own, and not at 
all superior to Eifife*s or several others of which the con- 
strnctions were not disclosed. 

After his death in 1853 the controversy was carried on in 
the Society of Arts* Joamal by Mr. Loseby and me, as he 
had assumed that I wrote Dent's paper for him, and so I 
extended the analysis to the whole seven years during which 
Loseby's chronometers were at Greenwich, and with the 
same result. The nature of the analysis is simple enough, 
viz. this: If you divide the 6 months of published rates 
in each year into 3 periods, one containing all the coldest 
weeks, another all Uie hottest, and another the mean tempera- 
ture weeks — and whether you make the division into equal 
periods, or into two periods of 6 weeks of extreme tempera- 
tures, and 13 or 14 of mean, or make it just where the 
register shows that the greatest breaks of temperature actually 
occurred — ^the result was always the same, that Loseby's 
compensation was the most successful in only one of the 
seven years, three other makers' each once, and Dent's three 
times. Sir G. Airy, the Astronomer Koyal, was therefore 
clearly right in rejecting Mr. Loseby's claim to a public 
reward, whatever may have been his personal skill in 
preparing a single chronometer for trial in a year, and so, on 
the whole, getting a high place in the list. 

Sullberg's compensation balance has been so successful in 
the Greenwich trials that I add a description of it to those 
mentioned before. The drawing in the next page shows its 
shape, but not the peculiarity of its construction ; for the 
brass is attached to the top of the cross-bar A C, but to the 
bottom of the curved rims C B, the effect of which is that the 
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ends of the cross-bar are carried downwards by heat, and the 
weights P upwards, and more inwards than if the cross-bar 
did not bend, as it does also in Dent's balance; D D 
are the timing screws. The principle of it is better illus- 
trated by the second sketch, of half the balance seen edge- 
ways and with its action enormously exaggerated. The thick 
line is the steel and the thin one the brass. The principle of 
its action is the same as Dent's, but it is simpler and stififer 

Fig. 69. 




I doubt whether it is necessary to have a curved rim at all, 
and whether sufficient compensation could not be got by 
making the pieces C B straight, each lying close by the staff 
A E. Mr. KuUberg has also made balances of the common 
form but with much wider rims hollowed outwards, looking 
like a pulley with a very flat groove. The expansion side- 
ways of the outer brass rim tends to flatten it, and so makes 
it easier to bend inwards under the expansion of the brass 
end ways ; but he says he has not yet succeeded in getting 
sufficient secondary compensation in this way ; as was the 
case also with 

Dent's prismatic balance. — ^This was also invented by 
the first Mr. Dent and improved by the second, for the 
purpose oleffecting the primary and secondary compensation 
together, or a sufficiently near approximation to it, by a 
simpler construction than any of the others. The steel part 
of the balance is the usual flat bar ; but the brass is an ob* 
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inse-angled bent prism. This invention was founded on the 
fact that a bar of that fonn bends more easily from the angle 
than towards it, and therefore the compound bar bends 
in more easily and farther than it does out- j,.^ ^^ 

wards, for equal degrees of heat. It has the 
advantage of making the balance stronger also. v^;^^^ 
It was not supposed that this would make the 
secondary compensation complete for the extreme tempera- 
tures of Uie annual Greenwich trials ; but there seems no doubt 
that it is better than the common flat bar compensation. 

There have been sundry other inventions for secondary 
compensation. Indeed nearly every maker in the Greenwich 
lists professes to have one of his own. The late Astronomer 
Eoyal invented one in 1875 ^°^ vient so far as to get an 
Admiralty order that it should be used ; but the trade pro- 
nounced it a failure, and the order was first suspended and 
then withdrawn. It is difficult to compare the general 
performance of the best clocks with that of chronometers 
under severe trials. The best recorded rates of chronometers 
seem to be a daily variation of not more than half a second 
during the time of trial ; which, however, might come to a 
good deal if continued. I am inclined to say that the rate of 
a very good watch in ordinary use, and a lever quite as much 
as a chronometer according to my experience, is sometimes 
nearly equal to that of the best clocks for some months 
together. For ordinary use no secondary compensation is 
at all necessary. 

WATCH ESCAPEMENTS. 
There is a greater variety of escapements which may all 
be said to be in use in watches than there is in clocks, 
omitting in both cases merely fancy ones of which only a 
few specimens have been made rather for show than for 
use, and which I do not think it worth while to describe, 
either for clocks or watches. 
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Vertical escapement. — ^The original watch escapement, 
which has remained in nse for ahont two centuries, hut is 
almost gone, exactly corresponds to the old crown-wheel 
escapement in clocks described at p. 28. This figure (71) 
shows the mode of arranging it in a watch. There are in 
fact two crown wheels in it, for the wheel with its arbor 
vertical, the minute wheel of the train, is one, and the 
scapewheel itself is another. The plain rimmed wheel is the 

Fig 71. 




balance. It has all the properties of the recoil escapements 
in clocks, and is very inferior in accuracy to any of the others, 
and now has hardly the advantage even of cheapness over 
the lever, which is the standard English watch escapement. 

A very simple vertical escapement, i,e, one involving a 
crown Wheel, was invented (or perhaps re-invented) for cheap 
watches by the late Mr. John Gray, a well-known dentist. 
The teeth lie dead on a thick verge or cylinder except at 
the moment when they pass through notches cut across it ; 
and they give an impulse in passing. It involves no more 
friction than the horizontal escapement, the commonest in 
foreign watches. The crown wheel prevents the watch 
from being thin, but one which Mr. Gray lent me for trial 
was not thicker than most silver watches, and went very well. 

Lever escapement. — ^This in its original form was 
invented by Berthoud about 100 years ago, and according 
to the picture of it in Hees's Cyclopaedia it is identical in 
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all but the position of some of the parts with the rack-lever 
escapement, of which Litherland of Liverpool used to be the 
great maker : the first watch I ever had was one of that 
kind. If you suppose the crutch of the dead escapement of 
a clock to end in a piece of a wheel, of radius equal to the 
crutch, and working into a pinion set on the arbor of a 
balance, just like the regulator in fig. 64 at p. 301, that 
is the rack-lever escapement. The objections to it are the 
friction of the rack, i.e. of the wheel and pinion, and the 
dead friction on the pallets. 

These were almost entirely got rid of by the modification 
of it which was invented by Mudge about thirty years after- 
wards, and which used to be called the detached lever^ but is 
now generally called the lever escapement simply, since the 
rack has gone out of use ; and the term ' detached ' is now 
applied to another class of escapements. It is a curious 
fact in the history of watchmaking, that a parliamentary 
committee in 1793 thought fit to award to this Mr. Mudge 
(or his son for him) 30002., the same sum as Arnold and 
Eamshaw had had from the Board of Longitude, in opposi- 
tion to the opinion of that Board, for a chronometer escape- 
ment which was not worth a fiurthing, and indeed turned out 
worth a good deal less than nothing to his son, who spent a 
considerable sum in making them. However he well 
deserved his 3000Z. for the invention of this lever escape- 
ment, of which 100 times more are now made in England 
than of all the other escapements together, and which is 
quite equal to the best in accuracy of performance. The 
following is the construction of it (see next page). 

The scapewheel and pallets are precisely those of a clock 
dead escapement ; but the pallets A B are set on a lever 
which turns on their arbor C and has a notch at the end, 
into which a pin P in a small disc on the verge of the 
balance works, being in fact a single tooth of the old rack- 
lever pinion. The teeth only just lock on the dead part ol 
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the pallets, and the pin and the notch are so arranged that 
as soon as the escape has taken place the pin slips out of the 
notch, and so the halance is detached from the lever dnring 
the remainder of its swing. When it comes back again the 

Fig. 72. 




pin re-enters the notch, moves the lever just enough to send 
the tooth onto the impulse face of the pallets, and then the 
scapewheel acts on the lever and balance until that tooth 



3l8 ABO OF VIBSATION. 

has escaped and another tooth has dropped onto the dead 
iaoe of the other pallet, when the pin passes oat of the 
notch in the other direction and the balance is again free. 
The dead faces have a little recoil the wrong way, to prevent 
the risk of the teeth slipping ofif while the balance is free ; 
and besides that, there is a ' guard-pin ' S on the lever, which 
moves through a notch in the < roller ' at the same time 
that P moves throngh the lever notch: S hes no actual 
contact, but it is there to prevent the lever from shaking 
back and making a false escape while the balance is free. 
The pallets are always jewelled, except in very cheap 
watches, and the staff or verge of the balance ought always 
to have jewelled pivot holes, and in good watches the staff 
of the lever also has. 

It should be noticed that you cannot let a lever watch run 
down, for repairs or any other purpose, by merely taking 
out the balance, because the lever will stop it. This is some- 
times inconvenient ; and another part of Mr. A. L. Denni- 
8on*s plan is to set the upper pivot of either scapewheel or 
lever in a bridge or cock, which can be taken off so as to let 
the train run down. The same remark applies to the chro- 
nometer escapement, but not to the vertical, horizontal, or 
duplex, in all of which the staff of the balance does the 
escaping directly on the wheel. 

The balances of lever watches are generally made to 
vibrate about three quarters of a circle, or 270^ from zero, 
when the watch is clean and lying flat, which always 
diminishes when they are in the pocket, and also as the oil 
' thickens. Nevertheless, under a sudden jerk or twist, the 
balance sometimes swings quite round, and then the pin 
strikes the lever again, and occasionally (though very 
seldom) hard enough to break itself. Several inventions 
have been made to enable the lever to give way a little when 
that happens, but I cannot find that any of them have been 
successful, however promising they may have been in 
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appearance, and on merely trying an experiment Several 
of them are described in the Horological Journal, ii. 53, xii. 
80, and a very ingenious one in April 1882, by Mr. Hill- 
green, dispensing with the lever altogether by patting the 
pallets on the balance arbor, not rigidly, bat connected by 
the balance spring, so that the balance may swing as far as 
it likes. Bat as no escapement can be pronounced successful 
until it has been proved by long experience, I only thus refer 
to it. 
Korizontal or cylinder escapement. — It seems strange 



Fig. 7h 




that Graham, the inventor of the dead escapement, should 
not have been the author of its adaptation to watches, and 
should have invented instead a very different one, in appear- 
ance at least, which is now almost as universally used in 
foreign watches as the lever, which you see originally came 
from France, is in English ones. The verge of the balance 
in fig. 73 is expanded into a comparatively large hollow 
cylinder in the middle^ large enough to hold both a tooth of 
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tho scapewbeel and a short stem on which each tooth stands ; 
and about 150** also of the side of the cylinder is cat away, 
leaving only the shaded portion a 5 in fig. 73, or A E in 
fig. 74 ; in which the tooth B6 has just escaped, giving the 
impulse to the balance by its oblique face acting on the edge 
of the cylinder as it passes out. The point of ihe next tooth 
Aa then falls on the outside of the cylinder, just as a tooth 
in a clock escapement falls on the dead face of the pallets, and 
it rests there till the balance returns, and then the outside of 
that tooth begins to give the impulse until it escapes into the 

Fig. 74* 





inside of the cylinder and is stopped there, as at D, 
balance returns again. The inferiority of this to the leve? 
escapement is evident, inasmuch as llie balance is always 
subject to the friction and pressure of the teeth ; and more- 
over if the stafif of the balance gets broken by a fall it is ex- 
pensive to replace with a new one, which it is not in the lever. 
In the best watches the cylinder is made of a ruby, and th^ 
wheel is generally made of steel, instead of brass as in the 
other escapements. 
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There is a French escapement rather like this, called the 
virgule escapement, in which the teeth are in the plane of 
the wheel as nsual, with small pins rising from them near 
the points, which act on a hollow cylinder, smaller than in 
the horizontal escapement. At one heat of the balance a 
pin only passes from the outside to the inside of the cylinder 
without giving any impulse. At the other beat the 
emerging tooth acts upon a long impulse face or pallet added 
to the cylinder and gives the impulse. They are very 
little made. Most of the foreign watches have the hori- 
zontal escapement. 

Dnplex escapement. — This is probably so called because 
the scapewheel has two sets of teeth, one for the locking 
and the other for the impulse. The inventor of it is not 
known. Its action is peculiar and requires some attention 
to understand it. It is evcfn more distinctly than the virgule, 
a single beat escapement, for the scapewheel only moves 
Bensibly at every other beat, Le, at every vibration of the 
balance in one direction only: not that this makes any 
difference in the time of revolution of the scapewheel, 
because in all double beat escapements only half a tooth- 
space passes the pallets at each beat, whereas in the single 
beat escapements a whole space passes, or one tooth runs 
immediately into the place occupied by the previous one : 
the effect of which is that in a duplex or a chronometer 
escapement the scapewheel almost looks as if it did not 
move at all. Yi; is the verge of the balance, which is made 
of a ruby and has a nick in it through which the long teeth 
of the scapewheel can pass : one of them is represented as 
just escaping, and at the same moment one of the impulse 
pins S is just ready to act upon the tooth or pallet P on the 
verge, and so to give the impulse to the balance. By the 
time S has got to t the next locking tooth B has fallen upon 
the verge and is stopped there as shown by the dotted line 
Iv, When the balance returns, the nick slips past the 
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tooth bv, and the balance goes on till the pallet has got into 
the position p, 'with the nick quite beyond the tooth, and 
then the balance comes back again in the impulse direction ; 
the tooth enters the nick and the escape begins, the impulse 
pins moving from s to S and from t to T without giving any 
impulse, except the small amount which the balance receives 
from the long tooth acting on the nick in the verge until it 
escapes in the position here shown, as before. 



Fiff. 75. 



pV*. 




Therefore the balance here also is never free, but the 
cylinder on which the friction takes place is smaller than in 
the horizontal escapement, and what is of still more conse- 
quence, the impulse is given directly across the line of 
centres in the most favourable way, which constitutes the 
great merit of the escapement, and makes it rank next to the 
chronometer or completely detached escapement, which I 
shall next describe. But it requires great accuracy of con- 
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strnciion, and is liable to stop from any sndden twist of the 
watch which prevents the balance from once swinging far 
enough for the nick to clear the tooth ; and on the whole it 
seems to be going out of use, as being neither so cheap nor 
so safe as the lever, and not so good as the chronometer 
escapement, which is used in all watches requiring very 
great accuracy. But that also is liable to stop in common 
wearing, and some levers go quite as well, and I prefer them 
on the whole. 

Chronometer, or detached escapement.—The principle 
of this escapement, as of the lever, seems to have been 
invented in France, by Julien le Boy; but also, like the 
lever, it acquired its now standard form in England, under 
the improvements of the first Arnold, who died in 1799) ^^^ 
Earnshaw, the latter of whom appears to have beaten with 
his ordinary chronometers the picked ones both of Arnold 
and his other rivals of that time, such as Brockbank, Emery, 
and others. The second Arnold, who died in 1842, was as 
different from the real chronometer man, as many sons are 
from eminent fathers, and owed his reputation first to 
his name, and afterwards to his partnership with old 
Mr. Dent, who told me that the business had fallen so low 
as to be a losing one when he joined it for a few years. 

I do not, however, see any material difference in principle 
between Arnold and Earnshaw's escapements, except that 
Arnold's detent D T V (fig. 76) turned upon a pivot at D with 
a spiral spring round it, while Eamshaw's is set upon a 
straight spring as in this drawing, which diminished the 
friction. That is doubtless a great advantage, but I cannot 
help thinking that Eamshaw's personal skill had a good 
deal to do with the superiority of his chronometers. 

It should also be known that Earnshaw was the first 
watchmaker who had sense enough to set at defiance the 
vulgar and ignorant prejudice for * high finish ' of the non- 
acting surfaces, and to leave them 'in the gray,' as it is 
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called. Bat so long as smooth work which everybody can 
see is easier than accurate work which few people can judge 
of, watches, like other things, will be got up for show. 
Old Mr. Dent used 
to say, 'We must 
work for the fools.' 
Nevertheless, in large 
clocks we have got 
rid of this folly to a 
great extent, and con- 
vinced people that 
painted iron can go 
better and last longer 
than polished brass, 
when the work is 
properly constructed. 
This drawing (fig. 
76) shows the form 
in which the chro- 
nometer escapement 
has now been made 
for many years. The 
verge has a small 
tooth V upon it 
which pushes aside a 
lever or detent Y T J) 
as it passes in one 
direction, but can pass 
the other way with- 
out moving the de- 
tent, by merely push- 
ing aside a very slight 
spring T V set on the 

end of the detent, which is therefore called the passing spring. 
The detent is attached to the watch frame by a spring at D^ 
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like a stiff pendnlnm spring, so as to avoid the friction of any 
pivots, as its motion is very small, and it has a stop-T against 
which the teeth of the scapewheel are stopped as soon as the 
escape has taken place. It then rests itself against a pin E. 
The impulse is given exactly as in the dnplex escapement, 
by the scapewheel teeth A acting directly on the pallet P 
projecting from the verge, although their form is rather 
different. The impulse begins as soon as the tooth Y has 
unlocked the detent: it is shown exactly in that position 
in the figure. The detent stop is a little undercut for safety, 
as the pallets are in the lever escapement, and it is always 
made of a jewel in good chronometers, and so is the impulse 
pallet. Thechro- 
nometer escape- 
ment has been 
made on the du- 
plex plan, of long 
teeth for the lock- 
ing, and short for 
the impulse, but 
that has never 
been generally 
adopted. 

Lever chro- 
nometer es- 
capement (fig. 
77). — This is a 
combination of 
the lever and the 
detached escape- 
ment, which has 
been several 
times re-invent- 
ed, although — or 
because — ^it has never turned out as good as it looks* 
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Therefore it may be tusefal to preserve its epitaph as 
a warning. Its action is this. The pallets A B (fig. 77), 
which look like the lever escapement, only just lock, and 
have no impulse. The balance is here represented at the 
moment of unlocking A and the impulse going to begin at 
C, exactly as in the common chronometer. By the time 
the impulse is finished the tooth now between A and B will 
arrive at pallet B and be stopped there. As the balance 
returns it will unlock B, which lets the wheel run a very 
little, just enough to carry that tooth past the pallet into 
the position shown in the figure, and transfers the locking 
to A again ; and this is what corresponds to the passing of 
the passing spring in the chronometer. Things are then 
again in the condition ready for the unlocking of A 
and giving the impulse as before. This, like the French 
virgule escapement, wastes a little of the motion of the 
wheel in passing from one locking to the other without any 
impulse. 

Tonrbillons. — ^I saw in the HorologicalJoumal that what 
is called the tourbillon escapement was reported to have 
done the best in 3 years* trials of chronometers at the 
Neufchatel Observatory. It is not however really an escape- 
ment at all, but an additional piece of machinery which may 
be used with one escapement as well as another, like a 
train remontoire. The scapewheel and balance are set in 
a frame which revolves every minute, or thereabouts ; and 
the object is to make the watch correct its own 'errors 
of position ' by making the balance pass through all positions 
frequently. Consequently it would not be of much use for 
marine chronometers, which are always kept horizontal by 
being set in gimbals. The tourbillon frame is driven by the 
third wheel of the train : what would be the fourth wheel is 
fixed by its rim to the watch plate a little above it, the tour- 
billon arbor going right through them : the pinion of the 
scapewheel rides round the fixed wheel as a * planet,* as the 
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tourbillon revolves ; which is the same thing as if the fixed 
wheel revolved and the tourbillon frame stood still, except 
that the scapewheel makes one more revolution for every turn 
of the tourbillon, or as many as if the fourth wheel teeth were 
increased by the number of the scapewheel pinion, that being 
the effect of sun and planet wheels, just as there is one 
more sidereal than solar days in a year (see p. 3). 

Bemontoires. — The escapement for which Mudge 
received the parliamentary reward I have already spoken of, 
Tfina on the remontoire principle, and there have been others 
on the same principle. But they have never come to any 
good, and I do not believe they ever will in watches, 
although they are very useful in large clocks with any 
except a gravity escapement of good construction. But 
the conditions are essentially different in so many respects 
that no inference can be drawn from one which can be 
of any use for the other. It is sufficient to say that 
the friction of the train and dial work is the great source 
of variation in large clocks, and that the pendulum arc 
varies very little ; while the variation of the arc of the 
balance in a watch is very large indeed in different states of 
the oil and in different positions ; and nothing is more requi- 
site to impress on horological inventors than this, that 
nothing more complicated than what is now in use has the 
smallest chance of being adopted. And for that reason I 
do not think it is worth while to increase the size of this 
book by describing any other of the numerous escapements 
that have been invented at various times. 

Bepeaters— or striking- watches, have so much gone out 
of use that no English workmen now even profess to make 
them. All that are sold at all here come from Switzer- 
land. In watches as in clocks, time-keepers which pro- 
fess to perform many feats generally perform them all 
ill, and frequently require mending to make them go at 
all. I shall therefore merely indicate the general nature of 
the machinery of repeaters : full descriptions of it may be 
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found in Heid's book and in Bees's Cyclopaedia. Watches 
were never made (so far as I know) to strike spontaneously : 
but pushing in the handle knob is made to wind up the 
spring of a striking part to such an extent as the position of 
the dial-work allows it to go, as I have already described 
under the striking work of clocks at p. 174. The watch 
then strikes the hour either on a very flat bell or on a ring 
surrounding the works, like those spiral springs on which 
small clocks sometimes strike, and the quarters, and perhaps 
a half-quarter afterwards, on two other rings, or on another 
less sonorous part of the hour-bell. 
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A watch may be made to wind without a key in several 
ways. One plan is to put a kind of gathering click to the 
handle knob, which pushes in and takes hold of a ratchet 
set on the ban*el, or the fusee if there is one, and winds it 
up as you pull the handle out again. But this was very 
liable to get out of order, and was also objectionable because 
it pumped air into the watch, which produced condensation 
of moisture ; and the following plan (fig. 78) was invented 
by a foreigner and adopted by Dent and some other 
makers : d is a wheel set on a ratchet on the barrel arbor, 
so that it will only turn the barrel the right way (there is 
not room to introduce this machinery in fasee watches of 
the common size) ; <; in the left hand figure is an inter- 
mediate oblique bevelled wheel between d and a pinion b on 
the handle. It is evident therefore that if you turn the 
handle a the right way yon will wind up the watch, and if 
you turn it the wrong way you will do no harm. 

But besides this you can set the hands by the handle ; for 
there is a small wheel e on the hand arbor with another/ by 
the side of it on a lever fgh, by which that intermediate 
wheel can be thrown into gear with d as well as e, the lever 



KEYLESS WATCHES. 



J29 



coming through the side of the watch-case ; and then it is 
clear that by tnming the handle either way yon can turn 
the hands. If you have to turn the same way as serves to 
wind the watch you do also wind it a little (and therefore if 

Fig. 78. 




it is fully wound you cannot set the hands that way) ; but 
if the other way, then you do not move the barrel, as the 
wheel d slips on the ratchet. 

Another keyless watch, by Mr. Kulberg, described imper- 
fectly in the Horological Journal of April 1869, appears to 
be now more generally used than that just described. 
I cannot afford space here for more than a statement 
of its principle, and a fuller description would be of no 
particular use to anybody. The wheel ei in the last 
figure is driven by the pinion b in the pendant, without 
the oblique bevelled wheel, and that wheel d (for setting) 
drives another, and that other the centre or cannon 
pinion of the minute hand, in much the same way as in 
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Dent's when pushed into gear. Bat the winding is dona 
differently. The wheel d is set on what is called a platform, 
having a sideway motion something like a remontoire frama 
in a hurge dock ; and the first thing turning the knob and wheel 
does is to move the platform a little (when it is not poshed 
into gear for setting) so as to move itself into gear with the 
fusee, which it then proceeds io wind. The platform is kept 
out of the way generally by a spring, so that neither the 
fusee nor the centre pinion is touched by either of the wheels 
on the platform. 

Mr. A. L. Dennison patented another keyless watch, which 
is fully described in his Specification, No. 356 of 1872. There 
are also other methods (see Horological Journal, April 1874). 
The advantages of these modes of winding and hand-setting 
are that the watch has never to be opened, which lets air 
and dust in, and so the back requires no hinge, which never 
works quite air-tight, but snaps on as a separate piece ; and 
also that the inner case or * dome * is saved. 

Salf-winding watch. — ^Napoleon I. had a watch which 
wound itself up as he walked, by means of a weighted lever 
with a slight spring under it, which danced up and down at 
every step, and had a click taking into a ratchet on the barrel. 

Fadomater. — A similar lever may be made to drive a 
train like a watch train, but without any escapement, and 
then it in fact counts the number of your steps and indicates 
them on a dial. You can adjust it for the number of steps 
which you usually take in a mile, and then it measures the 
distance you walk, in a rough and approximate way ; but it 
ought to be understood that it is really nothing but a step- 
counter, and unless it is properly adjusted, and you are walk- 
ing at the rate for which it is set, it is worth nothing for 
measuring distances accurately. 

Stop watches. — ^It is sometimes convenient to have the 
means of marking a short interval between two observations 
with a watch, or to mark the exact time of an observation 
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withont looking off the thing you are watching. Several 
contrivances have been invented for this, most or all of them 
involving some kind of duplication of the seconds hand. In 
one there are two seconds hands on concentric arbors con« 
nected by a very weak spiral spring, and when yon push in 
a pin one of them is stopped, while the other will go on for 
some seconds without the connecting spring having force 
enough to stop the watch. But this is clearly objectionable, 
and a better plan is to have the two hands or their arbors 
connected by a sort of eccentric or heart-shaped piece acted 
on by a spring which brings them together again either 
forward or backward, through whichever is less than half 
a revolution. Several watches of different constructions, on 
this spUt'Seeonds plan were exhibited in 1851, and others have 
been invented since, called ' chronographs,* and other names. 
One of them is of this kind, so far as I can describe it here. 
Pushing in a pin for a moment drives on a ratchet wheel 
with a few square teeth half a tooth- space ; and that raises 
(as we may say) a spring lever, which carries a pinion with 
fiL disc or 'roller* on it (which is always going with the 
train) into frictional contact with another disc on the arbor 
of the extra seconds hand, which is thus set going with the 
train. Pushing in the pin a second time drives the ratchet 
wheel another half space, and so lets the lever fall again, 
into a space between two teeth, and takes the discs out of 
contact, and might leave the hand standing at whatever point 
it has reached : which might be useful for some purposes, 
but is not in fact done ; because it is of more consequence to 
have the hand returned to o, and you can look where it has 
reached before returning it. That is done thus : — the second 
movement of the pin also brings a 'jumper * spring to bear 
on the heart-shaped piece which is fixed on the hand arbor 
(as before described), and so sends it backward or forward 
to o according as it is left before or after 30 sec, or half way 
round the dial. 



j^2 STOP WATCHES. 

In watches of this kind, at least in some shown to 
me hy Lund & Blockley of Pall Mall, the stop-seconds hand 
is central) which gives it the benefit of the fcdl size of the 
dial, and enables the space of each ordinary minute to be 
subdivided into fractions of a second corresponding to the 
time of vibration of the balance. For this reason also a 
single beat escapement, like the chronometer or lever- 
chronometer or. duplex, is not so good for these split- 
seconds as a double beat one, such as the lever or hori- 
zontal or the old vertical, in which the scapewheel moves 
equally for every beat of the balance, and not only for 
alternate ones. The falling of a small time-ball in a suitable 
frame (see p. 162) is easily made to push in the pin the first 
time, and when you take up the watch afterwards you see 
by the difference between the two seconds hands how much 
it is before or after Greenwich time. 

There is also another perfectly different plan, which enables 
you to make a mark on the dial at the exact time when you 
push in the pin at the time of observation. In fig. 79, D D 
is the dial of a large watch, with the seconds hand E A B in 



T^ig. 79. 




the middle : the hand is double, and the lower piece of* it 
ends in a little spoon with some thick ink in it and a hole 
in the bottom through which a point from the upper hand 
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E A 6 can pass and make a mark on the dial. That hand is 
pulled down very suddenly by a lever D P C which slips over 
a stop P of a shape difficult to describe, being pushed in by 
the knob K, and is immediately thrown out of contact again 
with the link A C, by means of which it pulls down the hand. 

Dials of watches and of small clocks are either made of 
gold or silver (which soon tarnishes) or of copper covered 
with enamel, which is a kind of glass. Such dials with 
black hands are more distinct than any other kind, and if 
the black figures are burnt in with black enamel, the dials 
would be everlasting and never want painting. I noticed 
the absurdity of gold hands on gilt dials before, at p. 137. 
Some of the public clocks in" Paris have enamelled dials, 
which are far more expensive than white glass ones 
would be. 

Watch cases. — I am not aware that there is anything else 
of a rudimentary character, or belonging to the principles 
of watchmaking, which requires notice. Minute details of 
watchmaking can be learnt by nothing but experience; 
whereas clockmaking is easily learnt by any person of 
mechanical ability. Case-making is not horology, and I 
have nothing to say about it, except that the cases of what 
are called hunting watches, which fly open with a spring 
when you press the handle, cannot be so close against air 
and dirt, as those which snap tight together. Persons who 
are a^id of breaking their watch-glasses, may bQ tolerably 
safe with * half hunting watches,' which have only a small 
and strong glass in the middle of the cap, which may then 
flt tight, and need never be opened except when the hands 
want altering. The closeness of the case makes a great 
difference in the time a watch will go without cleaning. They 
generally want at least cleaning about every two years; 
though very good ones, with all the escapement work 
jewelled and well-made, will go 4 or 5 years with no 
material vaHatim of rate, which I think may be regarded as 
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one of the greatest triumphs of mechanical art. At the same 
time it should he rememhered that letting either watches or 
clocks go too long without being cleaned and oiled is very 
bad economy ; for as soon as the oil is all gone wearing out 
of the pivots begins. 

American watch-fiu^ries. — ^In the Horological Jour- 
nal for April 1869, and January 1873, there are accounts 
of some of these factories, where watches are made by 
machinery, so that every piece will fit every watch of the 
same pattern; on the same principle as Hobbs's locks. 
There can be no doubt in the mind of any one who under- 
stands machinery that this is the best, as well as the cheapest 
way of making machines which require precision and uni- 
formity. Adjustments will after all have to be made by 
hand, and a machine which has always to be in motion is 
not quite on a level with a lock. The degree to which 
machine-making of machinery can be carried cannot be 
defined a priori. To a certain extent the same thing is 
done at the celebrated watch-factory of Messrs. Botherham 
at Coventry, and also at Prescott in Lancashire, where watch 
< movements,* Le. the train set in the frame, are chiefly made. 
I can give no description of the American machinery here, 
but its elements are stamping plates and the holes in them 
and the wheels, and then cutting the teeth of many wheels 
together. Although labour is dearer in America than here, 
this machinery enables them to undersell English watches 
of the same quality, as the Swiss also do with cheaper labour 
and more organization, though with less use of machinery ; 
and if our English makers do not bestir themselves they 
wUl lose the trade in all but the best watches, as they liave 
already lost that of both cheap and ornamental clocks. 
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Thebb is still less to say of the history of bell-founding 
than of clock-making. Indeed it is hardly a progressive 
art ; for as soon as the right shape and composition are 
discovered, and the means of making a sound casting, there 
is nothing more to do, except to see that that is done. 
Small bells, probably not cast but hammered, and of gold, 
are, we know from the Bible, as old as the time of Moses ; 
and some such old bells of sheet copper and even sheet iron 
are said to have been found at Cologne and in Ireland. The 
Romans also had them apparently. They can only be 
very thin, and of a very inferior sound to our thicker cast 
bells. The nearest modem approach to them is the Chinese 
gong, which is made exactly of our bell-metal, but hammered, 
which that metal oddly enough admits of when it is heated 
and cooled suddenly in water. Gongs, like thin bells, sound 
very ill except when you are near them, and have less power 
than the same weight of metal cast into a bell of a much 
higher note. The following is the short history of cast bells 
given in some of the EncyclopsBdias : — 

* The large bells now used in churches are said to have 
been invented by Paulinus, bishop of Nola in Campania, 
about the year 400. They were probably introduced into 
England very soon after. They are mentioned by Bede 
about the close of the seventh century. Turketul, abbot of 
Croyland, who died about 870, gave a very large bell to 
that abbey ; and his successor Egelric cast a ring of six 
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others. Pope John XTTT. consecrated a very large new cast 
bell in the Lateran Church in 968.' 

It is said in OUe*B Glockenkunde, the latest German book 
on the subject, bat one which does not contain much infor- 
mation of a practical kind, that bell-founding flourished in 
all the monasteries in the twelfth century, and that there were 
travelling bell-founders who went about casting bells where 
they were wanted. I suspect this practice went on very 
much later ; for it is impossible to believe that there were 
regular bell foundries in anything like the number of places 
from which the ' legends * on still existing bells testify that 
they have come. The great clock-bell on the south-west 
tower at Canterbury was recast in the cathedral yard as 
lately as 1762. Indeed the carrying of very large bells 
along the roads of old times would have been a more serious 
af&ir than casting them. A great deal of curious matter of 
all kinds, historical, practical, and artistic, has been collected 
by the Eev. H. T. Ellacombe in a quarto volume on * The 
Bells of Devon and Bells of the Church* generally, who 
rings peals himself at above the age of eighty. I shall con- 
fine myself to the practical. 

The founders of church bells in England have for many 
years been very few. The most famous bell-founding family 
on record were the Rudhalls of Gloucester, who are known 
to have flourished there from the time of Henry VIII., and 
some people think still earlier, till about 60 years ago. They 
cast the Westminster Abbey and Chester Cathedral bells, and 
the Magdalen bells at Oxford (of which the large ones are 
too thin), and a great many others. Farther back the 
Purdues of Salisbury seem to have been equally famous for a 
long time. One of them cast the great single clock bell, 
called Peter, of Exeter, and some of the bells of that the largest 
ringbg peal in the kingdom, though now exceeded by those 
of Manchester and Bradford, which are only chimed by 
machinery— a very inferior mode of sounding bells* Miles 
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Gray was the great founder of the eastern counties in the seven- 
teenth centnry : the famous tenor bell of the noble church oi 
Lavenham is his, which is considered the best in England 
for its weight, 24 cwt. The firm of Watts, Eayres and Arnold 
existed in Leicester and St. Neots for two centuries, and is now 
represented by Taylor, of Loughborough, whose foundry now 
has more than the old celebrity of the Budhalls and Purdues, 
and the more modem Whitechapel foundry of Phelps, Lester, 
Pack, and Chapman, and several generations of Mearses, 
until the last destroyed its reputation by a multitude of very 
bad bells, and finally their Big Ben exploit, before spoken of. 
The only other founders of bells or peals worth notice now 
are the Warners, of Cripplegate, whose Big Ben I. was verj' 
nearly as large and heavy as Taylor's * Great Paul,' but very 
inferior to it in sound and casting. They made the quarter 
bells at Westminster, of which the largest is about 4 tons, 
and several others for Leeds, and other town-hall clocks, of 
about the same size, and the whole, or the greater part, of 
several large peals at Doncaster and Kensington parish 
churches, and St. Nicholas, Aberdeen, Fredericton Cathe- 
dral, and many smaller ones. Gillett and Bland, the clock- 
makers at Croydon, who have been mentioned before, now 
make their own clock bells, and, I believe, ringing peals also, 
but I have not heard any of them. There is a nice new 
peal of eight at St. Andrew's, Wells Street, by Lewis, an 
organ-builder also, at Shepherd's Lane, Brixton, but too thin, 
the tenor being E flat, and only 21 cwt., which shcTald be F. 
The firm of Moore, Holmes, and Mackenzie, at Bedenhall, 
Norfolk, have a patent for making the clapper of a * raised ' 
heM fall out of contact as soon as it is struck ; but I know 
nothing more of them ; nor of several others who advertise 
as bell-founders, which may mean anything. Tom of Oxford; 
by Hodson in 1680, is decidedly the worst of all our great 
bells, though he also made good bells of moderate size close 
by at Merton College. The tradition that Tom came from 

Z 
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Oseney Abbey is a fiction ; and even if some predecessor 
did, it is a melancholy fact there is no personal identity and 
very often no resemblance between an old bell and its recast 
successor. The Oseney bells were once called the best in 
England, and were moved to Chnstchurch Cathedral, but 
have been all recast long ago. 

Great Tom might be recast for nothing into a very much 
more powerful and an infinitely better bell (for it hardly 
could be worse) by reducing the weight about a third, 
though, if the College does recast it, they are not likely 
so to reduce it for the sake of a hundred pounds or so. I 
wonder none of the Christohurch men have managed to get 
it cracked before now, and so compelled the College to recast 
it. Mears*s great bad bell of York ought to be treated in 
the same way ; and if that were reduced a third in weight, 
which is a little more than a note in sound, it would still keep 
its rank as the third largest bell in England. It is all but 
useless now. Every now and then there is a movement for 
getting something done with it, and getting the clock made 
to strike on it (which the present clock is not strong enough 
to do), but it always dies away again. Whatever is the price 
of copper, and therefore of bell-metal, the founders invariably 
charge two guineas a cwt. for re-casting, ue. they give you 
back at that price as much metal as they receive ; and as 
the price of new bells generally fluctuates round seven 
guineas, you may expect to get a new bell about five-sevenths 
of the weight of the old for nothing. 

Bryant of Hertford was a celebrated maker of both clocks 
and bells early in this century. There are some nice peals 
of his at Waltham Abbey, Saffron Walden, and St. Alk- 
mund's, Shrewsbury, a town full of peals, both bad and 
good. The best peal of 5 bells I ever heard, at Castle 
Camps in Cambridgeshire, was by Dobson, who lived at 
Downham but failed and died in the Charter House. He is 
said not to have been equally successful with larger bdls. 
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All these have disappeared, besides many smaller ones; 
among which I ought to mention Daniel Hedderley of 
Bawtry, as the founder of the fine old peal at Doncaster 
Church, which was inferior to none, but is closely imitated 
both in weight and tone by the new one of 1858 by Messrs^ 
Warner, which will be given presently. 

The art of bell-founding is evidently no better under- 
stood abroad than here. There were some beautifully cast 
bells from various places on the continent in the 185 1 and 
1862 Exhibitions, but they were nothing remarkable in 
sound, and the best in appearance are by no means always 
the best in sound. Notwithstanding the laudation of a 
Belgian foundry by a musical amateur of no experience in 
bell-making, the Boston bells cast there (p. 210), and the 
heavier peal w;hich the Duke of Westminster was advised by 
another musician to get there for his chimes at Eaton, are 
by no means equal to many modem English bells of corre- 
sponding size, and the small ones are a decided failure. 
That however is from another cause which will be noticed 
afterwards, but it proves that the Belgian founders have no 
special secret. The art had reached its lowest point about 
30 years ago, when three bad peals in succession were cast 
for the Boyal Exchange. I doubt if there was a fairly good 
peal of bells cast from about 1830, or perhaps earlier, till the 
Doncaster one in 1858. Certainly the previous Doncaster 
peal of 1835 by Mears, which was burnt with the church in 
1853, was very inferior to the older one of 1722, and to 
many others of the last century and the earlier part of this. 

When we began the Westminster bell business in 1855, 1 
foiAid there was as good as nothing of a practical kind to be 
learnt from books, and what little there was was contradic- 
tory, and some of it evidently wrong, and not always right 
even on the simple arithmetical relation of the musical notes 
to the different sizes of similar bells (using that word in its 
mathematical sense, of all the proportions varying alike). 
Accordingly, when I had to undertake the designing of thosa 



340 ANALYSIS OF OLD BELL-MBTAL. 

bells, for the reason which I had to state at p. 269, 1 stipu- 
lated for the power to make experiments as to thickness, 
shape and composition ; and in every one of them I found 
reason to alter the traditional practice of the founders more 
or less. The result has been that nearly as good bells can 
now be made as ever, and they would be quite as good if it 
were possible to get copper of the old quality ; but we had 
a convincing proof that it is'not, in the fact that several pieces 
of old bells that were analysed at the School of Mines con- 
tained fully '25 of tin, or tin in the proportion of i to 3 
copper, while our experiments showed that modem copper 
will bear no such quantity of tin without being too brittle to 
be safe for ringing. This is only one of a thousand proofs 
that the effect of science upon * common things ' is simply to 
make them worse than they used to be. No doubt in this 
case the reason is that more copper is got out of the ore. 
So also they have found out a way of spoilmg lead by robbing 
it of the little silver which nature has put into it as a pro- 
tection from being so easily convertible into sugar of lead, 
which is poison, by the action of soft water with anything 
that turns it acid, and especially if it Ls laid on oak, which 
the lead of old church roofs always was. Lincoln's Inn 
Hall had to be re-roofed with slate because the lead on oak 
had decayed into holes in less than 20 years, while the old 
lead on many church roofs of oak has lasted for 500 years. 

It is surprising how little even musicians bear in mind the 
distinction between making bells in tune with each other, 
which a set of cast iron pots might be, and making them 
individually good in tone: and the best musician in the 
world is no judge of that unless he knows by experience 
what sort of tone is attainable by good bells of something 
like the same size as those he has to judge of. Mears's two 
first peals at the Exchange were duly certified by musicians 
of repute, and I dare say they were in perfect tune, but most 
of them were thoroughly bad bells — so bad that after being 
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twice paid for they were condemned to be recast again in 
spite of the musical certificates. The fault of the present 
peal by the late (not the present) Mr. Taylor is that they are 
too thin, as I warned him that they would be if he aimed at 
getting those notes with that weight of metal. I suspect 
also that the composition is too soft, or has too little tin, as 
that was a very common fault of modern bells until the 
Westminster experiments. 

Fortunately a peal of bells not quite in tune can be tuned, 
although the tone or quality of a bad bell cannot be mended. 
They are made flatter by turning a little o£f the inside of the 
sound-bow or thickest part ; and they can be sharpened a 
very little by cutting off the edge so as to reduce the diameter 
of the mouth ; but this blunting of the edge is very apt to 
spoil the bell, and it is seldom done now. (See p. 393.) 

Notes of belLi. — ^The whole theory of the designing of 
bells to produce the required musical notes is deduced from 
this mathematical law — that the number of vibrations in a 

second, in dmilar bells varies as Li^ — ^^ ; or in 

diameter 

other words, the depth of the notes or the time of vibration 
varies as -_^:^L1?£_. Consequently, if you want to make 

(a very bad thing) a peal of bells all of the same absolute 
thickness (not the same proportionate thickness), their other 
dimensions must be as the square roots of a set of numbers 
in the inverse ratio of the vibrations belonging to the pro- 
posed notes. But if the thickness itself varies with the dia- 
meter, then the sizes will be simply as those numbers ; and 
therefore all the dimensions of ' a peal of 8 tuneable bells,* 
according to the old phrrse, which means a peal sounding 
the 8 notes of the diatonic scale, will be in this proportion — 

- 8432381 

*> —9 -> -9 ^f -> — 9 -• or 

9 5 4 3 5 15 «' 

^o, 53>S, 48, 45, 40, 36, 32, 30; 
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and so on for a larger number of bells, each being half th6 
size of the octave bell below it. These are the lowest 
numbers which will represent the inverse ratio of the vibra- 
tions of the 8 notes without more fractions ; and they are 
easy to remember as a standard, from which any others may 
be deduced, these being the diameters in inches of a peal of 
bells in the key of D flat, of the best weight or thickness for 
such a peal, supposing that the small bells were not made 
thicker for their size, and therefore larger for their notes, 
than the large ones, as they always are, to prevent them 
from being overpowered when they are all rung together, as 
will be seen from the peals which I shall give presently. 

It may save some trouble to observe that in designing 
peals of bells we have nothing to do with what is called 
musical temperament, which was long a vexed question in 
organ tuning, inasmuch as a peal of bells is always played 
or rung in the same key. That question would arise if 
you took the 7th and 6th of a peal of 8 bells (counting, 
remember, from the smallest) to make them the 8th and 7th 
of a smaller peal ; for in that case you see the 53^ and 
48 inches would not be in the right proportion, of 9 to 8, 
but the 53^ ought to be 54 ; though both would be called 
E flat, and the error is too slight to be perceived except by* 
very good ears. The same occurs in playing the Westminster 
and Cambridge, or the Doncaster quarters on the 2nd, 3rd, 
4th, and 7th of a peal of 8, as described at p. 203 ; for the 
sizes of those bells will be, as we saw just now, 32, 36, 40, 
SSjii whereas the 36 in. ought to be only 35*55 to make it 
exactly in tune as the second of a peal of 6 or of 10 bells. 
Without regard to temperament, bells (on any given scale of 
thickness) two whole notes apart are always as 4 to 5 in dia- 
meter; ij4 note apart, as 5 to 6: 3, as 3 to 4; but an 
interval of 3 notes {i.e, 4 bells) of the diatonic scale always 
includes one half tone, such as B C or E F. Three bells 
must have no half-tone interval. 
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Weight of bells. — ^The weights of similar bells, i.e. of 
those in which the thickness and all the dimensions keep 
the same proportion to each other, vary as the cubes of the 
diameters, or any of the other dimensions ; and therefore the 
weights of a peal of 8 such bells would be in this proportion 
(mfJdng the tenor loo for facility of calculation) — 

loo, 70-23, 51-2, 42*2, 29-63, 21-6, 15*18, 12-5. 

The Westminster bells, which would be the treble, second, 
third, sixth, and tenor of a peal of ten, are very nearly in 
this proportion; for in them the thickness does vary as 
the other dimensions, except that the smallest was made a 
little thicker than the others for its size, in order that its 
sound might be strong enough. Bells i^ note apart are as 
58 to 100 in weight ; and half a note nearly as 5 to 6. 

But we have still to ascertain what is the proper weight 
for any given size or note. From the practice of some of 
the modern bell-founders you might suppose that it may be 
almost any weight you please, at least within very wide 
limits, as one sees bells of about half the weight of old ones 
and yet of the same note ; and then people are surprised 
that they sound worse. 

Postponing for the present the consideration of bells to 
ring in peals, any one who takes the trouble to compare the 
weights and the cubes of the diameters in the list of the 
principal large bells of Europe at the end of this book, will 
see that the bell-founders of all ages and countries have 
agreed in fixing rather narrow limits for the variations of 
weight in proportion to the diameter of their bells. And 
this is by no means from any blind following of each other ; 
for there is a good deal of variety in the shape and the 
distribution of thickness over the different parts of the bell, 
although it all ends in this near agreement of the propor- 
tions of weight and size ; which would be nearer still, but 
for the foreign bells being generally taller than ours. 
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Taking 6 ft. diameter as a convenient standard to reduce 
them to, yon will find that the Uast weight for a bell of 72 
inches would be 72 owt., which is easy to remember; or in 
smaller figures, 9 cwt. ( = 1008 lbs.) for 3 ft. diameter. And 
such a bell will be nearer B flat than any other note, accord- 
ing to the proposed universal pitch, in which A has 880 
vibrations in a second, or that number multiplied or divided 
by some power of 2. The diameter of bells on that scale 
is about 13 times the thickness of the sound-bow or thickest 
part ; for if some of them are rather thinner there, they are 
thicker above the sound-bow, and so the total weight is the 
same. But nearly all the great European bells, as you may 
see from comparing their sizes and weights, are very 
considerably heavier than that scale, and the average 
modulus for them may be taken at 4 tons for 6 ft. diameter, 
or 10 cwt. for 3 ft., and in that case they will be nearly a 
note higher. The Westminster bells are very nearly on this 
thicker scale, or their diameter is nearly 12 times their 
thickness; and so is the new Great Paul bell: indeed 
apparently on a still heavier scale, but it is somewhat taller 
for its width than the other great English bells. Some ot 
the bells in the list (if their recorded weights are right) are 
still heavier than this, which I shall genei^y call the 12, and 
the other the 13 scale ; which last gives the before- 
mentioned size of 5 ft. for a D flat beU, weighing about 
42 cwt., instead of 30 or less, as D bells are often made 
now, but never with my consent. 

This 13 scale agrees more nearly in weight than any 
other simple proportion with that used by the old bell- 
founders in the large bells of peals, which were made rather 
thinner than large single bells, and the small ones thicker, 
to prevent them from being overpowered by the large ones. 
The tenor of the great peal at Exeter weighs only a i6th less 
than its weight on the 13 scale of the Doncaster peal; and 
* the great bell of Bow,* and the tenor of York Minster, and 
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the similar one at Sherborne (lately cracked and recast) are 
still nearer to it; although any one measuiing their thickness 
at the sound-bow only might fancy they were on a thinner 

scale. The Exeter one, for instance, is only — at the 

sound-bow, but the waist is 2 inches thick, or = -^ , and 

36 

not — as some modern founders would make it, and the 

45 
weight is that of a rather thick bell. I am satisfied 
however that no sound-bow ought to be so thin as that 
proportion, and that even thickening the waist does not 
compensate for it. There is a fulness and softness in the 
sound of a thick bell which a thin one never has. The old 
bell-founders evidently knew that it is a law of nature that 
a given weight of bell-metal is only capable of sounding a 
very narrow range of notes with good effect; and if you 
infHnge that law and make your bells thinner for the sake 
of getting deeper notes out of them, you are as certain 
as usual, in fighting vnth laws of nature, to pay for it 
by a more than equivalent loss in the quality of the tone. 

And it happens that this loss is even greater now than it 
would have been a century ago, on account of the difference 
in the quality t)f the copper which I have already spoken of. 
It is less tough in working, capable of holding less tin 
without becoming too brittle, and apparently incapable of a 
certain softness of sound which even thin old bells sometimes 
have, but thin new ones never. Indeed it must be admitted 
that some of the finest old tenors are what we should now 
call thin. They would probably have been better still if they 
had been thicker. As a peal of bells is a luxury, meant 
to give pleasure to those who listen to them, and not a 
necessary of life, it is astonishing that people will go 
on raising large subscriptions for tiiem without taking the 
least trouble to ascertain that they get what is really the 
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best thing for their money, and forgetting that yoa pay for 
the same weight of metal whether the bells are thick or thin, 
only in one case yon get them of the right notes for their 
weight, and in the other case wrong, and so make the bells 
bad instead of good. 

The following is a table of diameters and weights of an 
octave of bells, including all the half-notes, on the 13 scale 
of thickness, and also on the 12 scale ; from which you may 
easily interpolate a 12^ scale ; and larger or smaller bells 
than these may be at once deduced from those an octave 
above or below them in the same scale. Single bells, and 
especially small ones, should always be on the 12 scale, or 
very near it ; but the tenors of peals on the 13 scale. The 
smallest bells of large peals are generally still thicker, 
sometimes as thick as a loth of their diameter, and often 
an nth; and therefore they exceed any weights deduced 
from this table, as you may see in the large peals which will 
be given presently : — 



13 Scale. 


DiAMBTBB. 


12 Scale. 


cwt. 


inches. 




cwt. 


72 Bfl. 


72 


C 


80 


60 B 


67i 


Dfl. 


66 


51 c 


64 


D 


56 


42 Dfl. 


60 


Efl. 


46J 


38 D 


57i 


E 


41 


31 Efl. 


54 


F 


34 


26 E 


51 


Gfl. 


28i 


21 P 


48 


a 


24 


, 18 Gfl. 


45 


Afl. 


21 


• 15 c> 


43 


A 


17 


12 J Afl. 


405 


Bfl. 


H 


II A 


38-4 


B 


12 


9 Bfl. 


36 


C 


10 
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Until abont 14 years ago the largest ringing peals in Eng- 
land, and therefore in the world, was that of Exeter Cathedral, 
which is the largest still, and those of York Minster, Bow 
Church, and St. Saviour's, Sonthwark, otherwise called St. 
Mary Overy, which were all practically of the same size. The 
Bow peal is the best of the tluree, the new York one, which was 
cast by Hears after the fire of 1840, caused by a clock-maker 
leaving a candle burning, being very inferior to the old ones 
from the same foundry and patterns. The Southwark peal is 
half a note lower, being a little thinner, and for that reason worse. 



EXETEB CaTHEDBAL BeLLS * 



cwt. 


qr. 


lb. 


ft. 


in. 


72 


2 


2 


6 





40 


3 


19 


5 


3* 


33 


2 


II 


4 


9f 


28 





4 


4 


6 


19 





19 


3 


II 


18 





4 


3 


8 


ID 


I 


2 


3 


3 


8 


2 





3 





8 


3 


10 


2 


^2* 


7 


3 


22 


2 


81 



Bfl. 


10 





9 


D 


8 


Efl. 


7 


F 


6 


G 


5 


A 


4 


Bfl. 


3 





2 


D 


I 



247 3 9 



Bow ChUBCH, 1762, AND 


DLD 


York Minsteb, 1765. 




ft. 


in, cwt. qr. 


lb. 


C. .5 


4* 53 


25 


D. .4 


9* 34 2 


6 


S- -^ 


3 26 


13 


F. .4 


O3 21 


23 


G. .3 


8 16 


4 


A. .3 


5 13 2 


22 


B. .3 


2} 12 


7 


0. .3 


10 





D. .2 


10 91 


5 


E. .2 


8i 8 3 


_7 




205 






The two largest modem nngmg peals are those of St. Paul's 
and Worcester Cathedrals, both by Taylor, of the patterns 
and composition which I arrived at as the best after the ex- 
periments made for the Westminster Bells, modified a little 
by some later ones, as I shall explain farther on. The St. 
PauFs peal is on the whole better than Exeter, of which 
some of the bells are bad ; and the Worcester peal is quite 
equal, if not superior to that of Bow* 

♦ The tenor and 5th were recast by Taylor, 1902, and the whole 
peal rehuDg in iron frames. The old tenor weighed 62 owt 2 qr. 1 1 lb., 
though reputed as weighing 67 cwt i qr. 18 lb. 
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St. Paul's, 1878 








W0RCB8TEE, I 


869. 




in. 


ewt. 


qr. 


lb. 






in. 


cwtqr. 


lb. 


ina. 
thick. 


Bfl. . .69 


62 








12 


Dfl.. 


.63 


50 





4-8 


C . 


. 61J 


44 


2 





II 


Efl.. 


.56 


34 2 


12 


407 


D . 


. 5Si 


30 


2 


22 


10 


P . 


. 504 


26 I 


8 


37 


Efl.. 


S2i 


28 





7 


9 


Gfl. . 


.47* 


21 2 


II 


3-44 


F . 


. 47S 


22 


I 


18 


8 


Afl.. 


.42} 


IS 2 


II 


31 


G . 


. 43i 


16 


2 


21 


7 


Bfl. . 


.38* 


12 





3 


A . 


39t 


H 





4 


6 


C . 


.36 


II 


24 


3 


Bfl.. 


. 38S 


13 


2 


14 


5 


Dfl.. 


. 35 


10 I 


21 


2-9 


C . 


36» 


II 


3 


21 


4 


Efl. . 


.32i 


8 3 





2-8 


Dfl.. , 


34 


10 





3 


3 


P . 


.3oi 


7 3 


10 


27 


Efl.. , 


32i 


9 


I 


15 


2 


Gfl. . 


.29J 


7 


22 


2-44 


P . 


31 


8 


I 


16 


I 


Afl.. 


. 28 


6 3 


19 





Total 


271 


_3_ 


I 






Total 


212 2 


2 





All the 5 largest bells at St. PanUsare only on the 14 scale 
of thickness, and they would have been better on the 13 scale, 
bat the tenor mconveniently heavy to ring. On the other 
hand the 9 smallest are all practically 3 in. thick, which also 
I do not approve of nearly so much as the graduated thickness 
of Worcester, except the treble there, which gave a great deal 
of trouble from the highness of the note, and is not satis- 
factory. But the two trebles there are simply a mistake, 
and the peal of 10 sounds a vast deal better than the peal of 
12, as is always the case. It is not so bad at St. Paulas, 
because the notes are lower and the bells heavier and slower. 
But even there the 12 sound confused, and inferior to 10. 
At Worcester three extra bells have been added to make some 
more half-notes, DAG, for the chimes, which I omit in the 
list of the peal. In both cases I shall notice the great single 
bells separately. The Bochdale Town Hall has a peal for 
chimes only, almost identical with Worcester. It should be 
noticed that the addition of an odd 13th bell only half a note 
below the treble, instead of the whole one, makes a useful small 
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peal of 8, omitting the 4 largest of the great peal, subject to 
the difficulty of making a satisfactory treble of a higher note 
than F or F sh. at the highest. That bell at Worcester is a 
fair one, though the G sh. treble is not. The upper 6 of a 
peal of 10 make a proper peal of 6. 

The largest modem peals, all by Taylor, are those of Man- 
chester and Bradford Town Halls, and of St. Paul's Cathe- 
dral ; but the Bradford peal cannot be rung, only chimed by 
machinery. The St. Paulas peal is really a more powerful 
and better one than Exeter, though that is rather larger; 
but some of the bells are too thin and otherwise inferior. 
Sir Christopher Wren, very unlike most modem architects, 
who will not condescend to learn anjrthing of such matters, 
but consider themselves qualified to give orders for anything 
that is wanted, whether architectural or not, had prepared a 
tower capable of bearing such a peal in full swing with perfect 
safety. It does not even shake sensibly under the ringing, 
which is the case nowhere else that I know of with a mode- 
rately heavy peal. The next largest modern ringing peal is 
that of Worcester Cathedral, especially without the two 
trebles. The St Paul's peal, being heavier and slower, bears 
them better ; but even there — and everywhere — it is impos- 
sible to hear the 12 as distinctly or as pleasantly as lo. 
For playing tunes there is no objection to any additional 
bells, as half-notes outside the diatonic scale, which alone 
is fit for ringing. There are two other chiming peals still 
larger, which I ought to give, at the Bradford and Manchester 
Town Halls (see next page). Both of those also are by 
Taylor. This Manchester peal is the best proportioned of 
them all, except that even here perhaps the small bells vary 
too little. You see the large bells are on a thicker scale than 
St. Paul's, while the small ones are thinner and lighter for 
the same notes, but quite heavy enough, as I proved by the 
Doncaster peal (p. 35 ij. 

It is a pity that Town Councils will not make up their 
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Bradford, 1873. 





In. 


ewt.qr.Ib. 


A . . 


77i 87 


B . . 


67 


59 2 


C8h . 


59t 41 2 9 


D . . 


56 


38 10 


E . . 


50 


21 I 14 
18 3 14 


F8h . 


45 


G . . 


43 


15 3 25 


Gsh . 


41 


13 3 23 


A . . 


39 


12 2 22 


B . . 


35 


9 22 


Csh . 


33: 


8 2 17 


D . . 


33 


8 II 


E . . 


Z0\ 


\ 732 


Total 


tons 17 3 10 



In tlie Haaohetter peal the 
10 nombeied bells are himg 
for rmgioff. The tenor has 
been recast rather larger than 
at first, after being cracked 
by the dock hammer, which 
weighed nearly a 30th of the 
bell, which is deoidedlj too 
mnoh. 



12 
II 
10 

t 

7 
odd 
6 
5 
4 
3 
2 
I 





Mamchestbr, 1876. 








ringing 






in. 


number, cwt ar* lb. 


G. 


. 91* 


, , 


162 3 


A . 


. 80 


• • 


100 2 


B . 


. 70 


, , 


71 


. 


. 6sj 


loth 


52 


Csh 


. 61} 


. , 


43 2 


D . 


. s4 


9 


39 


Dsh 


. 55 




31 2 


E . 


. 52 


*8 


27 4 


P . 


. 50 


7 


23 II 


Fsh 


. 47- 




21 I 7 


G . 


. 45 


'6 


17 I 7 


Gsh 


. 43: 


,. 


16 6 


A . 


• 41 


5 


14 I 3 


B . 


• 37 


4 


10 14 


C . 


. 36 


3 


93 H 


Csh 


. 34 




830 


D . 


. 33 


2 


829 


Dsh 


. 32 


• • 


7 3 14 


E . 


. 31 


I 


7 2 7 


F . 


. 33 


t • 


7 I 5 


Fsh 


, 29 


• • 


63 4 



Total 



tons 34 5 2 3 



minds to have peals of bells before instead of after their 
towers are bnilt, and that architects cannot learn that bells 
sound worse for being crowded together, and better the 
higher np they are: in other words, that bell chambers 
ought to be as large and as high as possible, as they were in 
old cathedrals and large churches. Now they seem to resort 
to every possible device to make them small, and the towers 
so weak that even if they are large they will not bear a peal 
of large bells, as was the case with that of St. John's Chapel 
at Cambridge, which is as large inside as Worcester Cathedral 
tower. The Bradford tower is no wider than that of a 
moderate old village church tower, and so is that of Eaton. 
Bochdale is still smaller. 

I have given them all in flats or sharps as they were sent to 
me, though there is no real difference between bells calledDflat 
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and C sharp, except that D flat sometimes means that the bell 
is nearer D than C. Of course the notes very seldom happen 
to be exactly those of the received standard pitch, and there 
is no advantage in their being so. 

I next give two modem peals of eight, of successive sizes. 
They would di£fer by only half a note and not (nominally) by 
a whole one, but that the ' sweeps' were rather different, and 
I don't believe they really differ by a note. But as I have 
said throughout, notes are of no consequence provided 
only the bells are in tune among themselves. The Doncaster 
peal was cast by Messrs. Warner at the same time as the 
quarter bells of Westminster. The Croydon one, by Taylor 
in 1870, is substantially the same, but a little heavier, 
especially in the smaller bells, which the bell-founders are 
always struggling to increase, with no benefit that I can see. 
The Burton peal is at St. Paul's church there, which was 
built by Mr. Bass, substantially from my design, as well as 
the bells. Ossett is near Wakefield :— 



Doncaster, 1858, Warner. 



BUMTON AND OSSETT, TaYLOB% 





in. 


cwt. qr. 


Efl. . 


. 54 


30 I 


F . . 


.48 


21 


G . . 


.43i 


15 I 


Afl. . 


. 41 


13 


Bfl. . 


37 


9 


C . . 


34 


8 


D . . 


32i 


7 


Efl. . . 


31 


6 2 



lb. 
o 

24 

10 
o 
o 

10 

II 
5 



Total , 



. no 2 12 



8 


F . . . 


7 


G . . . 


6 


A. . . 




Bfl. . . 




. . . 




D. . . 




E . . . 




F . . . 

Tot 



in. 


cwt. 


qr. 


lb. 


s« 


25 




21 


45 


19 







40i 


13 




9 


m 


II 




H 


35 


9 




9 


3«J 


7 




25 


30J 


7 




9 


m 


6 




4 



It is not worth while to insert any smaller peals of 8 : 
indeed no peal of 8 with a tenor less than about 4 feet diameter, 
and 21 cwt., is worth having. A nice peal of that size, by 
Warner, was hung at Hunslet Church, Leeds, a few years 
ago, of the total weight of 85 cwt. There are plenty of 
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peals of 8 with E tenors weighing 17 cwt., and even less, 
made for foolish people who insist on having bells of the 
deepest possible note and for the smallest possible price, 
and lazy ringers like them better than the good old-fashioned 
heavy bells, but they are miserable things. 

I next give two new peals of 8 and 6, one nnnsnally heavy 
for its size for this reason. The three largest beUs were 
made at first without the intention of adding any others, 
and I determined to have them heavy for their size to sound 
well alone. They were accordingly made even thicker than 
a 13th. Afterwards the other three were added, and then 
a separate bell to make the Cambridge and Westminster 
quarters (seep. 209), and then a treble to make a ringing 
peal of 8 was given. That church at Headingley was also 
designed and partly built by me. The Gamford peal is 
a particularly good one, made by Taylor for a fine old church 
which has been admirably restored. I consider that the 
model size for an ordinary peal of 6, and very nearly as small 
as they will bear without running into objectionably high 
notes. There is a very nice peal by Taylor at Coddington, 
near Malvern, half a note higher than this, which is quite the 
smallest that will do : — 



St. Chad's, 


Hbadinolbt. 






Gainfosd, 1865. 




in. 


cwt qr. 


lb. 






In. cwt. qr. 


lb. 


G ... 46 


19 


15 


6 


Afl. 


. 40i 12 


II 


A. . .41 


14 





5 


Bfl. 


.36 83 


18 


B. . .37J 


10 


II 


4 


0. 


.34 80 


18 


C ... 36 


9 3 


24 


3 


Dfl. . 


.31 So 





D ... 34 


9 


9 


2 


Efl. 


.30 62 


17 


E . . .32 


7 2 


19 


I 


F. 


> . 29 61 


14 


Fsh . .30 


7 


21 










G. . . 29 














Total 


77 


J5 


Total 50 


22 



The tenor of the beautiful little peal of 5 at Castle Camps, 
east by Dobson in 1828, is 40 in. and 11 cwt., and the treble 
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5 cwt. I qr. ; but nobody gets peals of 5 now, for they cost 
very little less than 6, and sound much worse. 

Although some very good old bells are thinner than that 
13th of the diameter which I have prescribed as the least 
thickness to be allowed, and no such bells can be made of 
modem tin and copper, as I have already said, yet the 
best modem bells on the 13 scale are better than any 
old ones on the 15 scale. A fashion arose in the last 
century of making the trebles enormously thick, even with 
the tenors thin, and some of the bell-founders of the 
present time require constant repression to prevent them 
doing so. I was assured that the trebles of the Don- 
caster peal would never be heard with the large bells on 
my scale of thickness ; but they are remarkably distinct. 
The treble is on the d r^ 11 t scale. In peals of 10 they 
may go up as high as a loth, but anything beyond that makes 
the bell too thick to ring — I mean to sound, not to swing. 
I know a peal of which the middle bells alone are good 
for anything, because the tenor is too thin and the treble 
too thick to sound over the middle ones. The rule that I 
always adopt is to prescribe the 13 scale for half the bells in 
the peal, and let the others increase in proportionate thick- 
ness gradually up to some maximum, which I usually 
define by limiting the diameter of the treble. And I have 
several times advised people not to pay the founders for any 
weight due to excess above the prescribed diameters, which 
is easy to calculate. There is not the least difficulty in 
casting to any prescribed diameters. 

The 4 largest bells at Doncaster were * maidens,' i.e. they 
came out not only of the prescribed diameter, but thickness 
too, so that they required no tuning : the smaller ones were 
intentionally made just too thick, so that all the tuning 
might fall on them, and they required very little. A good 
many of the Worcester bells are also maiden ; and every now 
and then, but very rarelyi a whole peal| for instance that of 

2a 
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St. Andrew's, Wolls Street, is so ; but I always regard them 
with some sospioion that one or two bells have been left a 
little out of tone for the sake of calling it a maiden peaL 

8ii6S of peals. — ^I have given the minimnm for peals of 
8 and 6. The smallest tenor suitable for lo bells is D flat, 
of 5 feet diameter and 4a cwt., or D at the very highest ; 
for the same reason that F, 48 in. of ai cwt., is the lightest 
tenor for a good peal of 8 ; viz. that if yon go much higher 
you run into a G sharp treble, which, for some reason that 
neither I nor the bell-founders have discovered, though the 
fact is certain, never sounds well together with large bells. 
At that point some change takes place in the character of the 
sound, and bells above and below it do not sound homo- 
geneous. Peals of la I have already said I disapprove of 
altogether ; and it is nothing but the vanity of having them 
which induces ringers to cry out for them, and subscribers 
to find money for them. It is almost impossible, with the 
very best ringing, to distinguish the bells in them, and the 
best ringing is very difficult to get. If you will have 12 bells 
the tenor should not be higher than G, for the same reason 
as I gave just now, and even that makes the treble G, though 
that is not quite so hopeless as G sharp. A £-bell would 
probably be tiiebest for such a peal, and anything below that, 
if of proper strength, roars over the others in a way which 
does not produce a good effect. Perhaps even the Bradford 
chimes would have been better without the A tenor, though 
no bell is too big for a clock to strike on. The tenors of 
Exeter and St. Paul's, you see, are £ flat ; but both would 
be on a better scale of thickness if they had been B with the 
same weight, or more like the B bell at Manchester, which is 
not rung however. The Southwark B tenor is decidedly too 
thin. 

I am speaking here only of ringing peals, in which the 
time of each round is governed by the weight of the largest 
bell. The only limit to the number of chiming bells, with 
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as many notes as yon please beyond the diatonio scale, is 
that difficulty of getting small bells above to mix well with 
the large ones, which is painfully apparent both at Boston 
Church and Eaton Hall, where alone it has been tried in 
England; and as both these peals are entirely or chiefly 
Belgian, the defect cannot be attributed to any inferiority of 
the English founders. The largest bells in both peals are 
good enough. (See p. 394*) 

Shape of bells. — ELitherto I have assumed that the bells 
are to be of the well known and universal shape of church 
bells, as shown accurately enough for this purpose at page 21 a. 
And I am convinced it is the right shape, notwithstanding 
the multitude of public and private assurances which we had 
that it is wrong, and that the hemispherical form, or some- 
thing like it, is right. The persons who kept making these 
suggestions evidently did not know that large and small bells 
require different shapes. Why it is so, I do not pretend 
to explain. But the hemispherical form had been used for 
ages in small clock and house bells up to the largest size at 
which it can properly be used. I had tried myself for 
several years, and with several founders, to get one made as 
large as 9 inches diameter that would sound well in a house 
clock, and I was obliged to give it up and be content with 
one of 7 inches, which seems to be the limit of their musical 
capacity. There was a very large one in the 1851 Exhibi- 
tion, but it was obliged to be struck with a muffled hammer : 
otherwise the sound would have condemned it at once. 

I know that bells of 3 or 4 cwt. of that shape are made 
for cemeteries, for which their horribly doleful sound is 
appropriate enough ; and as they have the advantage of not 
being heard nearly so far as bells of the common shape, it is 
perhaps still more appropriate. But those are not the qualities 
usually sought for in either ringing bells or clock bells. 

On the other hand, small bells of the usual church form, 
such as musical hand bells, require to be thinner and 
straighter in the side, or more conical than larger ones. 
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which are bad if the sides are less hollow than at pp. 310 
and 358. I exhibited a 6 in. bell-metal model of the West- 
minster bells at the Boyal Institution in 1857, and it 
sounded worse than a common door bell, or a railway hand 
bell. Bat above 2 feet in diUmeter, all these peculiarities 
vanish; and according to my observation and experience, 
and the universal practice of the bell-founders of all ages, the 
long-established shape and proportion of church bells appears 
to be equally right for a bell of 4 cwt. and of 220 tons, the 
probable weight of the largest Bussian bell. I may j ust mention 
here that the form of a very prolate hemispheroid, which the 
Chinese and Indian bells have, is so manifestly bad, that no one 
need hear them twice to know that that at any rate is wrong. 
But when you have to design bells for construction it is 
necessary to go somewhat farther than this general conclu- 
sion; inasmuch as what we may fairly enough call tho 
established form of bells, when speaking popularly, or 
comparing it with a very different form, will be found to 
have considerable variations of its own — considerable at 
least to the eye of a person who knows what a great 
difference in tone may be produced by an apparently small 
difference in shape. This, and the thickness, and the com- 
position of the metal, were the three great points to be 
settled in the experiments and observations, which, as I 
have already said, were made before and during the two 
years which were occupied in casting the Westminster bellp. 
It would be tedious and useless to describe the different 
variations that were tried. They ended in our coming to 
the conclusion that the best shape was something between 
the most common English pattern and the usual foreign one. 
It is indeed a good deal nearer to the English than to the 
continental pattern, except the Russian, which I was sur- 
prised to find from a section given in LyalVs Russiay after 
the first Westminster bell was made, agrees very nearly with 
that pattern. 
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After trying and observing the effect of a great many 
patterns, and without any a priori theory in favour of any 
particular curve, I saw that the one which we all thought 
the best in effect was very like an ellipse in section, though 
not the same ellipse as had been previously, and is still used 
by some of the English founders. And after further experi« 
ments with slightly varying shapes, I came to the con- 
clusion that the following is the best for large bells on 
the 13 scale of thickness. Thicker ones only require a 
slight modification of the outside curve, and it is not worth 
while to complicate the description by going into more 
details for them. (See next page, fig. 80.) 

Consider the diameter of the bell mouth divided into 
24 equal parts. Then the inside sweep is simply the 
quadrant of an ellipse, whose semiaxis major AC is 14, 
and minor B C, 6 ' parts ; ' in which I shall now give all the 
measures. You see at once the arrangement and lengths 
of all the vertical and horizontal lines in the figure. To 
draw this ellipse, mark B at 14 above D, and with radius 
14 from centre B mark S, and also H (beyond the size of 
the page), in the line A prolonged. S and H are the foci 
of the ellipse ; which is drawn in the well known way, by 
sticking pins in a table at S and H, through the ends of 
a thread made just long enough to reach over S B H, and 
running a pencil along it, keeping it stretched. The pencil 
will then trace out the elliptic quadrant AP8B, the 8 
indicating 8 parts from A, for a purpose I shall mention 
presently. 

The outside can obviously be made of no single curve, 
but must be compounded of several curves in some empirical 
way to produce what we find to be the best proportions of 
thickness throughout. As the thickness of the waist of the 
bell is to be a third of the sound-bow P Q, which is a T3th 
of the diameter, b must be a 39th, or practically 2 thirds of 
a 'part,' outside of B. It is necessary to put the minor 
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Fig. 80. 
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axis eb ot this ellipse }4 p* below C B, to make it como 
right below. From centre b with radias ii mark s and h 
for the foci of another ellipse, and then describe the quadrant 
a B 6, in the same way as before. The lower part a B 
is useless, and that part of the bell curve is made up thus : 
— ^Draw « Q P 4 to the point 4 in the base, and mark off 
P Q = a 13th of the diameter. Then, with a radius of 
3j4 or 4 (for there is hardly any difference), draw the 
circular arc AQ, letting the centre K come where it 
happens. The remaining little bit Q B is easily filled up by 
hand. This makes the thickness = i at 8 from A. 

The lowest bells are somewhat taller than the elliptic 
quadrant which forms the inside sweep, and the remainder 
is simply added as a cylinder. The top is drawn as a 
circular arc with a radius = 16^ to 18, from E the centre 
of the base, small and thick bells being usually made taller 
than large ones. This one is drawn with radius 17 for 
simplicity. I have drawn the crown without canons, or 
ears for hanging in the old fashion, for a reason which I 
shall give afterwards ; and have accordingly added two of 
the 4 or 6 bolts X X, for hanging the bell to the stock ; and 
Y tiie larger bolt to which the clapper is hung at T, which 
I have inserted to show its length, and to remind people 
that the pit, or frame to hold a swinging bell, must be a good 
deal longer than twice the height of the bell, as I have 
known it forgotten, and the frame spoilt in consequence ; 
and if the clapper catches the frame the bell is almost sure to 
be cracked. The pit should be at least 5-3rds of the diameter 
of the bell ; and for tall bells, or bells hung long, or with 
the gudgeons above the crown, the pit must be longer still. 
The clapper should strike at the thickest part of the 
sound-bow. The tail F, called fhe flight, is almost always 
requisite to make the^ clapper fly properly, and its axis, or 
pivot at T, must be sensibly below the bell gudgeons, or the 
clapper will not fly at all. This only has to be considered 
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when the bell is tucked up in the stock ; for otherwise the 
clapper axis cannot help being below the gudgeons. 

Very thick bells reqnire the sonnd-bow to be rather 
higher than in the above fignre, and therefore the lip to 
project a little more outwards, or it becomes too lumpy. In 
that case, the bit of curve A Q requires drawing with a 
longer radius than 4. But minor details of this kind must 
be left to the judgment of the bell-founder. I have given 
these fundamental rules, because the time may come 
again, as it did when I undertook to design the Westminster 
bells, that there may be no means of learning these things, 
except by going through a course of experiments again, or 
else accepting what the bell-founders call experience, which 
means nothing but the way they happen to have been doing 
things for some time. The then existing < experience ' was 
manifestly wrong. 

This construction makes the sound-bow, and also the 
part above it, rather fuller outside than had been usual. 
According to all the sections in books, and in most of the 
bells that I have seen, you can lay a straight edge against 
the lip and the top shoulder of the bell ; but in the West- 
minster pattern the straight edge would be thrown out a 
little beyond the lip, by the protuberance of the sound-bow. 
I do not profess to give any reason why this pattern should 
be any better than the more hollow ellipse, of major axis 12, 
which was the more usual English pattern, instead of 14, or 
than the foreign pattern, which is not an ellipse at all, but 
a very much less hollow curve, and not ending horizontally 
at the mouth : all I can say is, that having tried them all, 
both I and other people who examined them came to the 
conclusion that this is the best in effect. The greater 
tallness of the foreign bells, beyond the height of 18 ' parts,' 
at any rate, which has sometimes been copied in English 
ones, appears to me to be a pure waste of metal in large bells, 
besides being a serious incumbrance in the increased mom en- 
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turn and centrifagal force of the bell in ringing ; and I believe 
all the bell-founders are of that opinion now. Among other 
experiments we tried making the 'waist' thinner than a 
thhrd of the sound-bow, but it produced an unpleasant 
whistling sound and was plainly wrong. 

Compositioii of bell-metal. — ^I exhibited in a lecture at 
the Eojal Institution, in 1857, a variety of small bells of 
different shapes, metals, and alloys, and different proportions 
of copper and tin, which had been suggested as possible 
improvements on the usual composition of old bells. It was 
clear that none of them were improvements, and that Bome- 
thing near the proportion of 3 lbs. of copper to i of tin had 
been generally used by the old founders. The tin was 
sometimes a little more than that, or tin and antimony 
together, which both produce the same effect of making the ^ 
alloy brittle, and I understand are difficult to distinguish in 
the analysis. But it was also clear from experiments that 
3 to I with modern copper is the turning point between safo 
and unsafe brittleness, although the sound improves as you 
increase the tin up to that proportion, and even higher ; and 
that antimony is an inferior substitute for tin. I found it waii 
the modern practice to use much less than this. Accordingly 
we fixed on 22 to 7 for the Westminster bells, and others 
made about the same time ; none of which have cracked, 
and we had great difficulty in breaking an experimental bell 
of that composition. The specific gravity of the sound part 
of Mr. Mears's bell, as of the previous one, is 8*8, but of the 
unsound part only 8*32 : some thin pieces at the edge of 
the first bell were as high as 8*94, and very difficult to break. 
There is no sudi test of good casting as a high specific 
gravity ; but unfortunately it cannot well be applied to large 
bells, as it involves weighing them in water : for the specific 
gravity is the weight in air divided by the difference between 
the weights in air and in water. 

Put I have since come to the conclusion, for chemical 
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reasons, that the proper composition for bells is 13 of ooppav 
to 4 of tin, though it is not mentioned in any book, nor 
eame ont exactly on the analysis of any old bell-metal. But 
in old times the doctrine of * chemical equivalents ' or atomic 
weights was unknown ; and the reason why 13 to 4 is the 
proper proportion is, that it is the only one near 3 to i which 
is in atomic proportions. For the * atomic weight * of copper 

is 32, and of tin 59, and i^ X 59 = 6 x 32 ; or the 

4 
mixture of 13 to 4 by weight is a true chemical combination 
of 6 atoms of copper to i of tin, and w written in chemical lan- 
guage Cue Sn (Sn being short for stannum, tin). (See p. 394O 
I am aware that some persons who know more of 
chemistry than I do dispute the application of that theory 
to metaUic alloys, on the ground that the metals do not 
refuse to combine in other proportions, as gases do and some 
other compositions. But Uie practical question is whether 
those proportions do not combine more firmly and with less 
risk of the alloy becoming nnhomogeneons in cooling, or 
otherwise defective. And I am convinced that they do. 
Without going into other metals, telescope speculums only 
differ from bell-metal in containing rather more tin, and no 
alloy has to undergo such severe tests as they have. Lord 
Bosse made all his speculums as Cu^ 8n, or 128 to 59 by 
weight, and a very little deviation from that proportion runs 
great risk of spoiling the speculum. I have seen some 
specimens intentionally varied a little, and certainly the 
difference between the appearance of a fracture of the metal 
of atomic proportions, and of one very slightiy deviating 
from it, is remarkable. I was very near prescribing the 
above-mentioned atomic proportion for the Westminster 
metal, and indeed I published it as a suggestion in 1856 ; 
but it only differs about *oi from the 22 to 7, which Meal's 
told me agreed with his own practice, and it was iheieiate 
inserted in his oontraet. Although not one bell in looc 
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may fail in casting to the extent that Mears's bell did, 
and small ones probably not at all, because they cool before 
the metals have time to separate, it is clear that there is a 
tendency to do it ; and indeed I find it is well known at 
Woolwich as a thing to be provided against in casting large 
gnns of gnn-metal, which is about i tin to 9*5 copper. 

It seems to me at any rate imprudent not to avail our- 
selves of this undoubted law of nature, especially as there is 
an atomic combination which happens to be a particularly 
convenient proportion, being exactly a mean between the 3 
to I which is just too brittle to be safe, and the 3^ to i 
which the bell-founders like because it is easier to tune, but 
which is certainly softer and less sonorous than it need be. I 
always now therefore require large bells to be made of this 
13 lbs. of copper to 4 of tin, or 76*5 and 23*5 of the whole 
alloy ; and they should be rejected as unhomogeneous if any 
part of the bell is proved to be beyond the limits of 77 per 
cent, of copper or 23 of tin. It must not be supposed how- 
ever that this would have prevented the porosity of Mr. 
Mears's bell, which is a quite independent defect, and would 
have made the bell a bad one, even if it had not also mis- 
carried in composition. 

The only other atomic combination within the range of 
bell-metal is Cuy Sn, or 19 copper to 5 tin by weight; but 
that is too soft, except for small house bells, which are 
thinner and have clappers much larger in proportion than 
church bells. Old Tom of Lincoln and the old York Minster 
bells of 1765, and probably the Bow bells, of nearly the 
same date and made from the same patterns, contained '03 
of antimony, which has a hardening effect like tin. That is 
much too large a quantity to have got in by accident ; but 
there was certainly no improvement in the sound from 
introducing about *03 of antimony into a small bell. The 
antimony diminishes the specific gravity of the alloy, which 
tin does not, though so much lighter than copper by itself. 
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So far as I have an opinion on the point, it is at present 
against the antimony, and the bell-founders have the same 
opinion. Very small qnantities of iron, lead, zinc, arsenic, 
and sulphur sometimes appear in the analysis of bells ; but 
they are mere impurities. I have indeed seen lead and zinc 
in considerable quantities innocently put down in books as 
ingredients of bell-metal ; but they are mere adulterations ; 
for both those metals are injurious and have no business there 
at all, especially the lead : a little zinc is sometimes put into 
small bells, I do not know for what reason. 

Steel bells. — I have frequently been asked my opinion 
of these bells, which are made both in Germany and at 
Sheffield. And I answer, as I did to the makers who asked 
me for a testimonial, that if the object of bells is to make 
the gteatest noise for the least money, steel bells are very 
good ones, but that the less they asked me to say about the 
quality of the noise the better. It was remarked in the 
1862 Exhibition that the sound of the very large ones was 
rather less horrible than of the smaller ones ; and that was 
the best I heard anybody say of them. I have heard nothing 
of them since 1862. Moreover they require hammers two or 
three times as heavy as bell-metal bells : if so, there would 
be little saved in using then/for large clock bells, as the clocks 
would cost much more. 

Silver. — ^The most inveterate of all popular delusions 
about bells is the notion that old bells had silver in them, 
and that all bells would be improved by it. There is not 
the slightest foundation for that belief. Nevertheless we 
had some experiments made for the purpose of being quite 
sure that silver was of no use, either with reference to sound 
or strength of the metal ; several different proportions were 
tried, beginning with sixpence in a bell of nearly a pound 
weight, and it was clear that the silver rather did harm than 
good in both respects. I suppose the delusion has arisen 
from the ring of shillings and half-crowns, which justifies no 
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each inference, any more than in the case of alnmiDium, 
which some people fancied would make very fine bells, until 
I exhibited one at the Boyal Institution, which M. St. Claire 
Deville of Paris was good enough to cast for the purpose, 
and the sound was worse than of cast iron. A bell of copper 
and aluminium was also bad, though the bronze of 9 copper 
to I aluminium is in other respects a very superior metal to 
either br^ss or any alloy of copper and tin. No composition 
for bells has yet been discovered equal to copper and tin in 
the proportions I have given. There was a large bell of iron 
and tin in the 185 1 Exhibition; but that also was very 
inferior indeed to bell-metal ; and it required an enormous 
blow to bring out the sound, though it was thin, and was 
at last cracked thereby. 

Moulding. — There are two different ways of making the 
moulds for bells. As to the internal mould or core they are 
nearly identical, that being made by covering a cone either 
of brickwork or of cast iron with moulding clay, which is 
swept over into the shape of the inside of the bell by a piece 
of wood called a sweep or crook fixed to an axis or spindle 
set up in the middle of the core. The advantage of the iron 
core is that it can be lifted up and put into a furnace to dry, 
instead of lighting a fire inside it. At this point the differ- 
ence between the two methods begins. The old method is 
to make a clay bell on the core by means of another crook, 
and when that is dry to make the outside mould or cope on 
the top of that. The cope has hair and hay-bands, and in 
large ones, iron bands worked into it, to make it hold 
together and lift off when it is dry ; then the clay bell or 
thickness is knocked to pieces, the cope dropped down again 
and weighted with earth in the pit where the bells are cast, 
and the metal poured in at the top through one hole, another 
being left for the air to come out at. 

In the other way there is no thickness made, but the cope 
is an iron case lined with clay, and swept out by an internal 
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iweep to the shape of the outside of the bell. The wiresy or 
ornamental rings round the bell, are made in both cases by 
the second sweep, and the letters, and any other ornaments, 
are pressed by stamps into the clay of the cope while it is 
soft. These iron copes can be bolted down to a plate under 
the core, and therefore do not require to be sunk so deep 
in the ground, provided only proper care is taken to get a 
high enough head of melted metal above the bell, or else it 
is certain to be of bad specific gravity, and probably porous 
in a casting of any considerable size, as in the top of the 
first Westminster bell, where the metal ran short. I was 
told by an old bell-founder that the core should not be strong 
enough to resist the contraction of the bell in cooling, 
or the strain injures the tone. Small bells are generally 
cast in sand, like iron, from models, and not in loam 
moulds made by sweeps. Bells are always cast mouth 
downwards, so that the sound-bow, which is by far the 
most important part, may have the best chance of being 
sound by having the greatest pressure of metal on it. The 
importance of this was illustrated by Lord Bosse's experi- 
ments with large cast iron crucibles for melting speculum 
metal in, which were always porous in the bottom, which is 
their most important part, until he had them cast with their 
mouths upwards. 

Bell-metal melts at a temperature far below that of the 
copper, as is usual with the alloys of one easy-melting 
metal. Small bits will melt in a common house fire. It is 
melted in a reverberatory furnace, in which the fire is at 
one end of a long shallow trough which holds the metal, and 
the flame is drawn over it to reach the chimney at the other 
end, and is reverberated down upon it from a ' bridge ' or 
a low roof over the trough. The different founders use 
different fuel as well as different ways of moulding. At White- 
chapel they confessed that they still use wood. I suppose 
the old founders used charcoal, as I understand they 
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do in Bnssia» which is probably far better, because wood 
contains so much moistnre that it takes much longer to get 
the requisite heat up with it, and it is notoriously a bad 
thing to keep the metal long melted getting up the heat. 
At Woolwich they have given up using wood for that 
reason, and use coal or coke in melting gun-metal, which is 
bell-metal with much less tin in it. Warner and Taylor 
use coal. In order to test this as far as possible, I gave 
to Warner and Hears the same pattern for a bell of about 
12 cwt. for the two new churches at Doncaster; and the 
result was very decidedly in favour of the coal-cast bell ; 
but whether from that cause or some other difference in the 
general management of the casting, of course I cannot say. 
Most of the metal of Mears's Westminster bell was nine 
times as long in the furnace as Warner's (which however I 
suspect was run too soon), and was also much longer 
running into the mould than either that bell or Great Paul. 
I have no doubt that that slow running contributed to its 
unsoundness. Lord Bosse specially mentions the importance 
of quick running of large speculums, which again are bell- 
metal with a higher quantity of tin. 

Mending cracked bells. — ^Whenever a bell of any 
importance cracks, there invariably follows a flood of sugges- 
tions, public and private, for mending it: generally by 
* cutting out the crack * in some way or other. And as there 
exists in seme persons what is called colour-blindness by the 
world at large, so there are persons to whom a bell so 
divided, and others apparently to whom a bell with a deep 
crack in it, sounds (at least, they say it does) no worse 
than when it was whole, though to other people's ears the 
tone is generally altered sever^ notes, or is made otherwise 
intolerably bad. Another way of mending, which is con- 
tinually being reinvented, is by what is called burning the 
parts together; i.e, cutting the crack wide enough to. let 
hot metal be poured in and through, which is done until the 
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constant application of it partially melts the faces of the 
division, and then the running is stopped and left to cool. 
This may peihaps answer in very thin bells, though the 
cracking of one of Sir C. Barry's gun-metal hands which 
were put together in that way is not very encouraging even 
for much thinner castings ; and the contraction, and conse- 
quent tension of the metal, would most likely crack the bell 
again as soon as it is rung. There is no evidence that I can 
learn, of any bell as large as a common church bell having 
been successfully treated in this way yet. And if the bell 
has cracked from any radical defect, as both the Westminster 
bells did, it is absurd to think of mending it, even if it were 
otherwise possible ; for the same defect would make it crack 
again. 

Fig. 8 1. 




New bell crown. — Church bells used always to be hung 
by 6 long ears, called * canons,' which cut a large piece out 
of the stock, and weakened it very much. They were not 
set radially, and the iron bolt which carries the clapper was 
cast into the bell. Consequently when a bell got worn in 
one place it could not be turned without a new stock and a 
great deal of trouble. Several plaiis to cure this had been 
proposed, but none of them were satisfactory; and I had the 
Westminster bells and some others made with a top like a 
mushroom or button embraced by a collar in two pieces, 
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or by bolts with heads of proper shape surrounded by a ring, 
which may advantageously be connected with the gudgeons 
or pivots. But the founders complained (unduly, I think) 
of this ironwork being expensive, and so I invented another 
crown, with 4 short and thick canons, which will be under- 
stood from figure 8i. It has been generally adopted by 
Messrs. Warner. Mr. Taylor uses 6 very short canons, and 
in many cases, with my approval, none at all, but only a 
thick crown with 6 bolt-holes through it, as at p. 358, I 
believe canons are of no use. In all these plans the clapper 
bolt goes through a round hole in the bell, but a square or 
octagonal hole in the stock. By placing the bolts (of my 
plan) each with one leg in the stock, or two of them inside 
and the other two outside of the stock, you may get 4 
different pairs of places for the clapper to strike, with the 
same stock and without any cutting of it, ^d the stock itself 
is far less cut into and weakened than by the usual canons, 
which are necessarily taller. The Doncaster bells were the 
first peal made in this way. 

On the old plan too, the clapper bolt is always cast into 
the bell, and must be cut off and a new one stuck on in 
some way, to turn the bell at all, which is an awkward job, 
and ^postpones the turning of bells for years after it ought 
to be done. And in connexion with that, it is another 
advantage of this plan, that it enables the clapper bolt to be 
adjusted both for length and position, which cannot be done 
when they are cast in. The length of that bolt ought to be 
more or less according as the bell is hung more or less high 
in the stock, in order to bring the point of suspension of the 
clapper below the gudgeons or pivots of the bell, without 
which it will not swing or strike properly ; and again, if the 
bolt is cast in a little on one side, the clapper will not strike 
true, and the time between the blows will be unequal, which 
makes it impossible to ring the bells truly. If some such 
plan as this had existed in old times, whereby a bell could 

2b 
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easily be turned in the stock, many a fine old bell would 
now be alive which got cracked from being constantly 
struck in one place, and so worn too thin. These fowt 
short and thick canons are moreover much stronger and 
less liable to crack than the usual six thinner and longer 
ones. 

Opinions differ whether large bells should be what is 
called * tucked up in the stock,' or the top of the bell made 
higher than the * pivots or gudgeons.' The advantage of it 
evidently is that it diminishes the centrifugal force, or side- 
way strain of the bell on the frame ; and if friction were out 
of the way it would of course make the bell easier to raise 
and ring. But friction is not out of the question ; and as a 
bell in swing is in effect a pendulum, and not (as I have 
even heard bell-founders represent it) a body lifbed by a 
steady pull like a lever, it may very easily happen that a 
certain amount of friction on the pivots may make it impos- 
sible to make the bell pendulum swing through 360'' by any 
practicable force that can be applied to it at the beginning 
of its motion, which is the only time when the rope acts 
upon it. The Bev. Mr. Taylor told me, that a bell of about 
52 cwt. at Hereford, which he and some other boys used to 
raise and set (i.e, ring till it stands mouth upwards) was 
made unraisable by them by being re-hung, and at the same 
time < tucked up ; ' and so confident was he of the mistake 
of this mode of hanging, that he offered to fill Mears*s great 
bad bell at York with beer if any number of men could set it, 
and they never could, as Browne*8 History of York Minster 
also testifies. 

There is moreover a remarkable difference in the facility 
of tolling, according as the bell is hung low or high. I 
can toll the two largest bells of Doncaster Ghureh together, 
weighing a^ tons, one with each hand, whereas it is 
difficult to make a high-hung bell toll at alL At the same 
time, it is true that the largest bells of a peal, where the 
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tenor is above 30 cwt., can hardly be rang with the others, 
nnless they are somewhat tacked ap, thoogh it makes them 
* rise false/ or with the clapper striking the low side of the 
bell and lying on it, and the men haye to go ap and set them ' 
right before ringing (and they will keep so), otherwise 
there is a risk of cracking the bells, and they do not soand 
80 well. The reason why heavy bells in peals mast be 
rather tacked ap is that otherwise their momentam is so 
great that no man can check them, so as to keep time ; bat 
this woald not apply to a single bell. 

I am sarprised that very large bells, say above 2 tons, 
are not hang on Mction roUers-^t.^. so mach of the circam- 
ference of a friction wheel as = the circamference of the 
gadgeon or pivot of the bell. Of coarse brasses mast be 
pat to keep the gadgeons in their place, against the side 
swing. And, by the way, let me say a word here to warn 
those whom it may concern, that if the smaller bells of a 
peal jomp oat of their brasses when they are new, it is 
beoaase the gadgeons are not sank deep enough. I have 
known that happen several times. Of coarse the foanders 
denied that that was the reason, bat as I cared it by 
getting deeper brasses, the denial was worth nothing. 

I recommended rollers of abont a^ in. diameter in an- 
nalar bashes roand the 6 inch pivots of Great Paal, like 
bicycle bearings on balls. Swinging that bell throngh only 60^ 
from the vertical (the most that is proposed) is eqaivalent to 
sliding 18 tons 6 inches rapidly at every swing. Even 
toUmg it is eqaivalent to sliding that weight an inch forwards 
and an inch backwards at every pall. Tolling consequently 
takes three men now. (See p, 394.) 

ToUing-levers. — ^The great Worcester bell is hang, by 
my advice, on wedge-shaped rolling gadgeons, only roand 
instead of sharp, to enable it to be tolled almost without 
friction, by a long lever ; for the tower would not bear it in 
full swing ; and it went so easily that the Rev. H. T. Ella- 
combe, then 80 years old, tolled it with one hand. But for 
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all praetical purposes it answers eqnally well to toll it by a 
short lever, or shank, projecting from the top of the clapper, 
and pnlled by a slight rope ; which is a very good plan for 
all bells which the tower is either too small or too weak to 
bear swinging. If a doable lever is used with two ropes, 
one for each hand, you may ring as rapidly as the bell 
itself would sound when swinging about ' frame-high,' or 
half-way up. See such a lever at p. 358 for one side. 

A few years ago I introdaced a mode of hanging chapel 
and school bells, ue, single bells from i to 4 cwt., or 18 to 
28 in. wide, so as to swing lengthways in the plane of the 
wall, instead of across it. A bell of very moderate weight 
will soon pull an ordinary wall to pieces if rung in full swing 
across it. The bells in * bell gables ' can hardly ever be 
safely rung for that reason, but only tolled. Mr. Taylor has 
introduced an ingenious plan for ringing small school bells 
without the risk of the rope being carried over, by putting 
it to a crank in the iron axis which serves for the stock of 
such small bells : you may then ring the bell 'over' as often 
as you like, and the rope always keeps right. 

Bell-ropes. — ^I said just now that some people fancy a 
bell is hauled up like a dead weight on a lever, and not swung 
up as a pendulum ; and they forget still more, that the mea- 
sure of the strength required for a rope is that of the man 
who has to pull it, and has nothing to do with the weight 
of the bell. A small bell can be ' raised ' in a few pulls, 
while a large one takes many, but in either case the ringer 
may be exerting his full strength, though in fact no man 
does in raising small bells ; and therefore some difference in 
'thickness of the ropes should be allowed. But experienced 
ringers know too well that inexperienced rope-makers always 
make the ropes much too thick, though probably not many 
ringers have reflected on the proposition that it is their force 
used in pulling, and not the weight of the bells, that deter- 
mines the thickness of the ropes — allowing reasonably for 
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wear, and for some greater force being used upon the large 
beUs. 

The great superiority of tone of bells ringing in full swing 
over toUing, and even of tolling over strikiirg by a clock 
hammer, has been often noticed, but never yet accounted 
for. I think the explanation is this. It is now well known 
that the note of an approaching source of sound like a rail- 
way whistle is sharper than when it is receding, because the 
velocity of transit is added to, or subtracted from, the 
velocity of vibration which fixes the notes. (The analogy^ 
light to this has been made use of by Mr. Huggins, in one of 
the greatest astronomical discoveries of late, to determine 
the velocity of approach or recession of the stars, as is 
explained in my Astronomy.) The bell in full swing, while 
it also vibrates from the blow, is always sending out vibra- 
tions of slightly different velocity in each direction, and so 
varying its own note a little. I remember a gentleman 
trying to persuade the Institute of Architects that bells 
sound as well stationary as swinging, and he illustrated it 
with a common dinner bell ; which by the way a servant of 
experience always swings as far as he can. Everybody 
exclaimed immediately that he had refuted himself. The 
motion in tolling is probably too small to vary the note 
sensibly, but the inevitable variation of a man's pull makes 
it less monotonous than the unvar3dng lift of a clock hammer, 
or of any chiming machinery, a melancholy and miserable 
substitute for a set of ringers, only justifiable as a precaution 
against strikes — of the men, I mean. Even that hardly 
justifies it. 

Sllacombe's oliiming hajumers. — There is however a 
less objectionable mode of chiming by one man, with a set 
of separate clappers fixed below the bells, temporarily tied 
up very near them, so that a small pull of the rope makes 
the clapper strike. This was invented by Mr. Ellacombe, 
and is fully described in his large book on bells, and in some 
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emaller ones. Not that even this is to be compared to 
gennine chiming by tolling the bells themselves, for they are 
stationary, and those clappers are necessarily too small to 
bring ont the full tone. In this way however, a skilful man 
can play tunes, whereas in ordinary chiming or ringing a 
bell can only change one place at a time : e.g. the greatest 
change that can follow i23'45678 is 21436587. 
I do not profess to teach the art of ringing, or to deal vdth 
the interesting and complicated subject of change-ringing, 
which is quite enough to have a book to itself; and there 
are several, by Captain J. E. Acland Troyte, and by Mr. 
Jasper Snowdon, of Old Bank Chambers, Leeds. I will 
only say that ringing * the tenor behind,' i.e. ringing the 
changes only on the other bells, always sounds much better 
than ringing the tenor in the changes, though ringers think 
more of it as a feat. One man can ring a very heavy bell 
* behind,' which would require two to ring in, as its time has 
then to be altered continually. Also, when two men are 
required, it tries their wind much less, and it requires only 
one rope, for one to take the 'fore stroke' only, and the 
other the 'back stroke' only, though it is hardly ever 
done. 

Stays and sliders. — ^The stay is a strong piece of wood, 
about as long as the radius of the wheel, bolted to the stock 
and pointing upwards, so that when the bell is swung nghi 
up, the stay points downwards and rests against a stop there. 
But if that stop were fixed, the bell could not reach quite the 
vertical position, at least in one direction of the swing. 
Therefore the stop is a sliding bar, which lies low enough to 
clear the wheel and clapper, and it has play enough in its 
own bed near the stay to allow the bell to go just beyond 
the vertical both ways ; and so a small portion of its weight 
is borne by the stay and slider when it is *set,' or so 
resting, until it is pulled off again by the rope and swung the 
other way. Sometimes the stay has to be put by the wheeli 
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on aeeotmt of clock hammers at the other side, but generally 
it is at the other end of the stock. 

After a long struggle with bell-foonders and their hangers, 
I got the practice introdnced of striking the bed or board in 
which the slider rnns as an arc of a circle from the 
gudgeon as a centre, instead of leaving it flat, which the 
smallest knowledge of mechanics will show anybody must 
produce a grinding action between the stay and the slider. 
Moreover, sliders were generally, much too heavy, which 
increased the friction and the cost of breaking. A slider 
need be little more than a common stick, and can be 
replaced almost for nothing in a few minutes, whereas the 
breaking of a stay is a more serious matter, as many a 
learner of bell-ringing knows. At the lower end (away 
from the stay) it need only lie loosely in a hole ; its weight 
and slope will keep it there without a pin. Stays can hardly 
be too strong, and should always go through a strong iron 
loop, and not be merely bolted to the stock, which weakens 
them, and gives more leverage for breaking. Boards should 
be put over the sliders to keep the grease off, which increases 
rather than diminishes their friction ; black lead is the thing 
to diminish it on wood. 

The Oudgeoiui, or pivots on which the bells swing, are 
often made too short, under an erroneous idea that that 
diminishes the friction, which it does not, and may in fact 
mcrease it, because if the pressure on each particle of surface 
is too great, it squeezes out the oil, and the metals come in 
contact, which it is the object of oil or grease to prevent, 
f^esides that, short gudgeons tend to twist the beams. They 
should not be less than 2 in. long and i in. thick for the 
smallest bells in a peal, and rather longer and much thicker 
for the large ones. I think they should be of steel 
And it should be specified that the * brasses ' in which they 
run are to be 19 copper to 5 tin, for the reason given at 
p. 363. The brasses should be large, to allow for wearing 
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down, and for firm fixing in the beams. All the ironwork 
should be well painted, except the gudgeons; and the 
woodwork too, though it hardly ever is, which is very bad 
economy in the long run. But oak should not be painted 
very soon. 

Clappers should be hung by or on wooden blocks, and 
not with a mere piece of leather inside an iron strap, which 
soon wears away, and leaves the two irons in contact, and 
they are sure to be rusty by that time. Thick bells of 
course require heavier clappers than thin ones. I remember 
a very good bell of Warner's remained unsold in the 1851 
Exhibition, and long after, merely because it was very thick 
(copied from the 3rd Bow bell) and had too small a clapper. 
I happened to try it with a large one which was lying loose, 
and bought it immediately for a chapel for which I had been 
asked to get one. All nuts connected with clappers should 
be either double or keyed on with wire, or they will shake 
loose and come o£ 

Iron stocks and frames are now coming into general 
.use, especially for heavy bells. They have great advantage 
in point of durability, if kept properly painted ; and the 
bells are much easier to ring, owing to the ironwork not 
being subject, like wood, to constant swelling or shrinking 
with every atmospheric change. They are made in two 
shapes — A frames and H frames : the former being prefer- 
able for light peala, and the latter for heavy bells. 

The weight and rigidity of these massive frames of iron 
and steel cause them to absorb, as it were, nearly all the 
vibration, if the bells are properly hung ; and when built 
into the walls they form excellent crop-braces for the 
strengthening of the tower. 

The iron frames, etc., at Beverley and Exeter are ex- 
cellent examples. 

Frames constructed partly of iron and partly of oak are 
to be avoided. 
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Bell-fSrames, like most other things nowadays, are 
generally starved of proper hnlk. I do not see my way to 
laying down any rule for the thicknesses of the beams, as 
they must vary so much according to the weights of the 
bells. The beams of the smallest bells ought never to be 
less than 5 in. wide, and 10 in. deep, and of the large 
ones for a -peal with a tenor about 30 cwt., not less than 
9 X 12, and the lower beams should be always a little 
wider than the upper ones. It is also specially important 
to have the diagonal trusses very deep, particularly under the 
heavy bells. Dove-tailing and any cutting away of the 
beams should be avoided as much as possible, by using 
' bed-bolts ' and iron T pieces bolted on at all weak comers. 
The upper beams should also be bolted to the lower by long 
diagonal bolts, set the opposite way to the trusses. 

And now I have to correct one of the most common errors 
about frame-fixing. It is quite true that the upper beams 
should not touch the walls, unless the walls are very thick 
and strong. But if they must touch anywhere, for want of 
room, they should touch close, and in fact tight, all along the 
beam, so as to avoid anything like battering. The lower 
beams should always do so, or be somehow connected with 
the walls as firmly as possible. The notion that they should 
not is an extraordinary piece of architectural ignorance. 
Either the whole frame must float about on the floor under 
the swing of the bells, or it must be fixed to the floor ; and 
if H is fixed, the horizontal thrust must ultimately go to the 
walls, pulling the floor or its beams against them anyhow ; 
and it is much better to make this connection firm at once, 
and avoid all chance of battering. 

All the elasticity takes place between the upper frame and 
the lower, and it acts like carriage springs, and the pressure ia 
diffused over the walls as well as it can be, if the lower frame 
is tight. The oscillation of towers under ringing is merely 
due to the elasticity of the whole mass of stonework ; and 
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though they sometimefl move enough to make the little call- 
bell from the church into the belfry almost ring by accumu- 
lated vibrations^ the actual motion of the tower is too small 
to see, except perhaps with a fixed telescope. The idea of 
preventing it by building up a frame from the ground within 
the tower is ludicrous, though some architects do not know 
it, or that such frames have always at last to be wedged 
against the walls of the bell-chamber* 

Another < vulgar error' about bell-frames is that bells 
swinging at right angles to each other tend to correct each 
other's swinging thrust upon the frame and tower ; whereas 
every mathematician knows that that is exactly the position 
in which the thrusts cannot the least neutralise each other. 
Besides that, it has the effect of making the ends of some 
beams thrust against the gudgeons of other bells, and so 
occasionally binds them tight. I was assured by a bell- 
founder's foreman, before making the first frame on the 
parallel plan (for the cathedral at Fredericton, which also 
had the first gravity escapement clock), that 'all experience 
was against such a plan.' I said, I should like to be referred 
to some frames of that kind which were proved by experience 
not to answer. His reply was, * 0, nobody ever thought 
of making such a frame.' That total absence of experience 
of the very thing in question is what so-called practical men 
mean by experience — and many other people too. 

The following is the plan which I prescribed for Doncaster 
and the others mentioned at p. 351. All the bells swing 
north and south: 2, i, 8, 7, are on the south side, and 
3» 4> S» 6, on the north ; all the beams going through, except 
the one on the west side of 8 and 5, which is divided, and 
overlapped and bolted together, so as to make the tenor pit 
wider than the 5th by the thickness of that beam, and the 
treble pit as much narrower than the 4th. The east and west 
beams are only notched on to the others and bolted, not 
halved or cut away as usual. There should always be long 
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bolts nearly yertical, but obliqae, holding Uie upper and 
lower beams together the opposite way to the diagonal stmts 
which cany the weight, because the mortices always get 
loose, but the bolts can be tightened from time to time. In 
this frame the ropes can fall in a very good and wide circle, 
in one or two ways which will be obvious; and in large 
towers such as those, there is also room for the entrance ; 
indeed in all but Croydon you can go all round the frame. 

But when the tower is only just large enough to hold 
the frame, it is expedient to adopt some other and inferior 
plan, in which the bells cannot all swing parallel, in order to 
avoid having the rppes too close to the walls for the men 
to stand behind them ; for leading them down obliquely 
in troughs increases the friction and labour of ringing. 
It may be taken as a rule that a peal of 8 bells hung 
properly on beams of proper thickness requires a frame 
nearly 4 times the width of the tenor, both ways ; and one 
of 6 bells requires rather more than 3 times the width of 
the tenor. In hanging 10 or 12, some space may be saved 
by making a few of the smaller bells swing at right angles 
to the others ; but it should only be the small ones. When 
the large ones all swing parallel, they are sure never to be 
thrusting all one way twice together ; and as it is only an 
accumulation of similar vibrations that could affect the tower, 
they are certain on the whole to escape that effect, and in a 
great measure to neutralise each other, though of course 
not completely. 

Clappering. — ^It is still necessary to warn clergymen and 
churchwardens against allowing the lazy and pernicious 
practice of * clappering,' i,e. tying the bell-rope to the 
clapper, and pulling it instead of the belL More bells have 
been cracked in that way than by all other causes together, 
and there is not the least excuse for it, as any man may 
learn to toll a bell in one lesson, and the work of doing it 
is nothing, for the bell moves so little that it seems 
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wonderftil that the clapper should strike it ; but they both 
act as pendnlams which a very small impulse will keep up, 
and the blow being elastic loses very little of the force. 
Bells are consequently much easier to toll when they are 
not tucked up in the stock, because they act more like a 
pendulum and less like a grindstone ; in fact, it is difficult to 
set a much tucked-up bell tolling, though easy to keep it 
up afterwards. The only safe way of allowing bells to be 
clappered is to fix a separate pulley in the floor under 
the bell with a thin rope, in such a position that no pulling 
of the rope over the pulley can hold the clapper against 
or very near the bell, so that it must depend entirely on the 
swing given to it by the rope. 

Spedfioatioiui. — ^As I gave a specification for largo 
clocks, I will do the same for bells, so far as any one model, 
can serve for a variety of cases. I add however some 
variations and notes to explain them, which will enable any- 
body with the least understanding of such things to make 
out a specification for the peal he wants. And first, I 
remark that specifications should always be silent about 
notes, and stick to diameters and weights. Most of the bad 
peals in the kingdom, except those by utterly bad bell- 
founders, are greatly due to people demanding low notes 
for low prices ; and besides that, there are so many uncer- 
tainties about notes, even with bells of very nearly the same 
dimensions, that it leads to nothing but confusion to specify 
anything about them. Suppose then a specification is 
wanted for a peal of ten bells, intended to be as good as 
possible, and of no unusual weight : it should be as follows : — 

I. The founder to make, and hang complete for ringing, 
a peal of 10 bells in perfect tune ; the tenor to be 60 inches 
wide (or more, if you like, up to 67 or 68). The 4 or 5 
largest bells to be a 13th of the diameter in thickness; 
and the smaller ones to increase gradually up to the treble, 
which is not to exceed a loth of its diameter in thicknesst 
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For 8 bells, the 4 largest to be a ijtb, increasing np to 
an nth in the treble ; and for 6 bells, the 3 largest to be a 
13th, and the treble may be an nth, or a 12th. 

2. The bells are to be of the shape described in this 
book as to their 'sweep/ and all to have independent 
clapper bolts going throngh a round hole in the crown, and 
through the stock. The larger bells to have no. canons, and 
the smaller bells low canons, if any. The bells are all to 
consist of pure copper and tin only, in the proportions of 13 
to 4, and are to be guaranteed as perfect castings, homo- 
geneous, and free from porosity or other defects. (I should 
mention that those superficial marks called seams are of no 
consequence, though of course a casting looks better without 
them; but the slightest visible porosity in the smoothest 
bell is a fatal mark of unsound casting, though a bell- 
founder should find any number of brass-founders and 
engineers to swear that it is not, as I know that Mears was 
prepared to do about Big Ben, before Dr. Percy's examina- 
tion of the 'taster ' cut out of it (see p. 271), Also an in- 
equality in thickness round the bell, such as Great Peter of 
York has, is equally fatal, and is not a * perfect casting.') 

3. The clappers to be hung with wooden blocks, not iron 
and leather (for the leather soon wears out). The tenor 
dapper to be a 90th of the weight of the bell, and the others 
to increase upwards, to about a 30th for a treble a loth of its 
diameter thick, and a 36th for an i ith, and a 40th for a lath. 
All nuts connected with the clappers to be keyed on, or else 
double nuts (or they will shake loose). 

4. The brasses to be of 19 copper to 5 tin, and none to 
have less than i^ in. of metal on each side of the hole, 
and the holes to be deep enough to prevent the small bells 
from jumping, and to have at least a inches of metal 
below the hole. They are to be boxed over with wood to 
keep out dust. [Metid tops always get torn off and stolen.] 

5. The gudgeons to be of steel, and to run from 
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2 in. to 2}i in. long in the brass, and i^ in thick for a 
bell of 30 to 35 cwt. (It is difficult to define the thickness 
fEtrther, and the fanlt is more generally in making them too 
short than too thin.) They are to be fixed so that they will 
keep themselves quite true in the stock. (The founders 
have different ways of doing this, and I do not like to 
prescribe any one absolutely, but I must say that Taylor's 
plan is the best I have yet seen. The old one is very rough 
indeed, and cannot be relied on to keep them either true or 
firm.) 

6. The stays to go through iron loops bolted to the 
stocks, the bottom only of the stay having a bolt through it, 
and to be so strong that the slider may break rather than 
the stay. The sliders to run in circular beds, traced from 
the gudgeon, which are to be covered over to protect them 
from grease dropping (which makes wood stick, though it 
makes metals run). 

7. The wheels are all to have at least 4 side stays to 
keep them true. (The founders will never put more than 
two unless they are made, and others have always to be 
added in a year or two.) The wheels to be wide enough 
and deep enough to prevent the ropes from slipping (a 
source of frequent accidents, and always arising from bad 
or untrue wheels ; in fact wheels, like everything else now, 
are generally made too flimsy; but I do not see how to 
define their dimensions in a specification, nor indeed many 
other things which can only be judged of by a competent 
eye when they are done). 

8. The frame to be of English oak,* and the founders to 
state the dimensions of the beams. (This will at any rate 
be useful in comparing tenders, which otherwise are decep- 
tive.) The wood must be perfectly dry before usmg, and if 
joints get loose afterwards, the founder will be held respon- 
sible for all expense incurred in consequence. The beams 
are to be cut into by mortices as little as possible, and iron 

* See, however, what is said about iron frames on p. 376. 
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T pieces, and bed-bolts to be used instead, or in addition. 
The diagonal strats especially are to be deep, and dia- 
gonal bolts inclined the other way are to be used also. 

9. The bottom of the frame to fit tight against the walls, 
if it is abont the width of the tower (see p. 378), and if not, 
to be strongly bolted to the great beams below ; the positiou 
of which the architect should be made to settle with the 
bell-founder beforehand, if the tower or the floor is new ; 
and also to arrange for having two floors between the ringers 
and the bells, with gravel or small stones on the lower one, 
if they are very close together (see p. 385) • All the large 
bells, as far as possible, to swing either north and south or 
east and west, and not across each other. 

10. The tender to state the probable weight of each bell, 
and maximum of the whole peal (the word ' about ' not to 
be allowed there), and the founder will be paid for no excess 
beyond that maximum. The tender also to state the cost 
of frame and hangings separately, besides the price per 
cwt. for the bells, and all other expenses, as far as they 
can be estimated. (Recasting of old bells is always 
charged at two guineas a cwt. whatever is the price of new 
metal, see p. 338.) 

' II. The whole of the work to be subject to the approval 
of some competent person or persons, not being in the trade, 
to be appointed by the [committee], who may require any 
experiments to be made which they may think flt for testing 
the bells. 

12. All the iron and woodwork to be painted twice, and 
the frame also after a year, with Carson's anticorrosive paint. 
(It is very odd that nothing will induce people to paint 
their bell-frames. They leave them exposed to damp, and 
frost, and heat, and see them cracking all over worse and 
worse yearly, and then they are surprised at having to 
spend tiiiree times as much as the painting would have cost, 
in repairs after a few years. It is said not to be expedient 
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to paint oak immediately, and for that reason only I have 
allowed the year for it.) 

BeUptowers. — ^I proceed to notice a few things relating 
to bells which are more the business of architects than bell- 
foonders, except that architects nowadays rather think it 
their business to ignore everything that has to be done in a 
building after they have left it. I have known plenty of 
cases where they knew perfectly well that it was intended to 
have peals of bells and clocks, and yet have built costly 
towers without condescending to learn, either by reading or 
inquiry, what provisions should be made, or even what 
dimensions were required. That they may have the less 
excuse, and that those who want church bells may have some 
idea of what their architects ought to do, I will give the 
following information as the result of my own experience ; 
and I am probably the only person living who has the 
experience of designing both bells and clocks, and the towers 
in which they are to be placed. 

It follows from what I said before about bell-frames, that 
the smallest tower fit for even a small peal of 6 bells, shonld 
be 1 1 ft. square inside ; and the smallest for a very moderate 
peal of 8 should be 16. Even these sizes make the ropes 
hang closer to the walls than they ought to do, and there- 
fore they are much better somewhat larger. Very few old 
towers with 8 bells are so small as 16 ft.; they are much 
more frequently 20, and those with 6 bells at least 14. In 
what is called A Book on Building, 1 have shown how 
much narrower modem towers generally are than old 
ones ; but I am only now dealing with them as campa- 
niles, which in fact they always are, without reference to 
architectural reasons in the same direction. Of course when 
10 or 12 bells are intended, the towers should be larger 
still, certainly not less than 22 and 24 ft. square inside. 

There is also another reason for it. Bells sound much 
better in a large chamber than a small one. Anyone who 
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has heard the Doncaster bells will hardly believe that the 
three bells in All Saints* Church, Margaret Street, are 
repetitions by the same founders of the ist, 4th, and tenor 
of Doncaster. But the Doncaster bell-chamber is 23 ft. 
square, and Margaret Street not more than 14, or just two- 
fifths of the area. And the same at All Saints, Halifax, with 
a spire 240 feet high. The bells, a smaller peal than Burton, 
could not be got into it on one level. 

Another important consideration is the windows. I have 
known two cases, both in Leeds as it happened, where clock 
bells had to be re-hung some feet higher up than the archi- 
tects had provided, because they did not know that the bells 
ought to be above the sills of the windows. Louvres again 
are a frequent source of trouble, by being put too close or 
too much overlapping, even if they are on that ugly and now 
fashionable foreign plan of having a few enormously wide or 
deep boards sticking out beyond the face of the mullions, 
which never were in genuine English architecture. It is no 
use trying to keep out snow, or even small driving rain, and 
it does no harm if bell hangings are kept painted, and the 
floor is made waterproof and drained. Louvres just over- 
lapping will keep out ordinary rain, and I am afraid cannot 
be dispensed with in church towers, though they are at 
Westminster, where the floor under the bells is flagged. It 
is the custom in the eastern counties to put small clock bells 
quite open on the tops of the church towers, instead of 
making the clock strike on the tenor of the peal, and they 
are generally heard &rther ; in fact, a clock bell (if only a 
dock bell) cannot be too open, as it has no hangings that 
will spoil with rain if the hammer gudgeons are occasionally 
oiled— *or even if they are not, for a long time. 

There must be two floors between the ringers and the 
bells, or they cannot hear for the noise. In most towers of 
good size this can easily be done, but in low central towers 
it is sometimes difficult. The plan to be adopted then is to 

2c 
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lay a strong floor about a foot below the bell-floor by straps 
from the great beams, and cover it a few inches thick with 
large gravel, or broken stones (not sand), or else to £11 up 
the whole space between the floors with shavings, including 
a box full of them for the trap door which must be left 
under the great bell. I need hardly say that the great floor 
beams ought to come under the beams of the bell-frame as 
much as possible, and should rest on large corbels, and for 
heavy peals should be strutted also from corbels lower down. 
This too is often neglected, and a floor made at random, and 
then the bell-founder is expected to fix a firm bell-frame on a 
floor not fit to carry it. 

But the worst abomination of all, committed by architects 
and church restorers, is the destroying of the belfry {i.e. 
ringing chamber) floor for the sake of making a * lantern ' of 
the tower. This has been done at Hereford Cathedral, Lud- 
low and Boston churches, Merton College Chapel, St. Alban's 
Abbey, and divers other places. At St. Alban's, where the 
space is abundant, they have lately re-hung the bells higher 
up, and so regained a ringing chamber, but not so at the 
others. At Howden the ringing is done inconveniently and 
dangerously from, a narrow gallery round the tower, and so 
it is at Merton Chapel — ^unless they ring from the ground 
now, as the tower is practically in the ante-chapel. At 
Pershore Sir G. Scott did a better thing than a gallery, by 
the converse of it, a sort of insulated floor, leaving an open 
space round it except where there is a bridge to reach it. Mi, 
Cattley and I did much the same at Worcester Cathedral, 
which has probably the best belfry in England on account of 
the great width of the tower, 33 ft. inside. The much 
larger central towers of York and Lincoln do not contain the 
peals of bells ; they are in the smaller western towers. Li 
the central tower which I designed for Mr. Bass, at Burton ; 
there are small spandril windows to light the space under 
it, as in the grand old church of Hedon, so that the 
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belfry floor can still be at the natural place, about the 
level of the roofs of the four limbs of the church; and 
it is 22 feet high. At Doncaster there was height enough 
above the lower windows of the tower. 

Bui this lanterning mania has destroyed some belfries 
irreparably, and ringers will not ring long in dark holes 
about 8 feet high, which were only intended for the inter- 
mediate chamber or clock room. That demon of church 
destruction, under the name of restoration, Wyatt, in the 
last century and early in this, pulled down the old cam- 
panile of Salisbury, and the bells had to be sold because 
nobody dared ring them in the great overloaded steeple of 
the cathedral. Well might Pugin say of him, in one of his 
' restored ' churches, ' Yes, the monster has been here 1 ' 

Where it has become impossible to ring bells properly, the 
best thing to do is at once to fit them up for chiming only, 
i,e, tolling with levers. Though inferior to ringing in some 
respects, and much less interesting to ringers, it has a 
sweeter sound, but feebler. The clappers ought to be 
heavier for it, as they strike much softer : especially when 
there are only 3 or 4 bells, chiming sounds much better 
than ringing. The tolling of 3 large bells has a very grand 
sound, and the ringing of two bells only frame high, %,&. 
swinging up to horizontal, so that they strike quickly, has 
a pleasant and lively sound. I always admire it at New 
College Chapel when I visit Oxford. 

The windows of bell-chambers, and of every opening in 
the tower or spire above them, should be completely covered 
with strong wire netting, which must also be kept in repair, 
to keep out birds, which otherwise fill the place with sticks 
and dirt, which caused the second fire at York Minster, and 
the destruction of the bells. The netting should be of 
about 18 gauge woven in squares of half an inch, not in long 
openings tied with thin wire, which soon perishes. 

The well-known story of St. Paul's dock being heard at 
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WincUor striking 13 by a sentinel who was charged with 
being asleep, is often regarded as fabulous ; and so it would 
be in the present feeble condition of the striking. Bat Beid 
says, in his book on clocks, that he heard it there himself^ 
and I have heard an officer quartered there say the same. 
The Doncaster clock striking on a boll of only 30 cwt. has 
been heard 1 1 miles in a very flat country. Nobody has 
yet solved the problem why a wind which you can hardly 
feel will make the di£ference of your hearing bells half a mile 
or ten miles, according as the wind is with you or against. 

The great bells of Europe are all that remains to 
notice, by which I mean those above any ordinary weight of 
the tenor of a peal, which may be called 3 tons ; for there is 
none except Exeter and St. Paul's which exceeds or even 
reaches that weight.^ There are clock bells of 3 tons at 
the town halls of Hull (W) and Halifax (T), and one lately 
made from my specification, with 4 quarter bells, for the post 
office at Adelaide (T). I cannot vouch for the accuracy of 
the whole of the following list ; indeed I am sure that some 
of the figures cannot be correct, and I must warn people 
against newspaper statistics of such things. For instance, 
even in London, the St. Paul's clock bell still figures in 
sundry books as 9 ft. wide instead of 6 ft. 9 in., and I have 
seen tiie York bell credited with a greater weight than West- 
minster ; and if such exaggerations as these take place about 
bells whose sizes and weights have been correctly published 
for years in this and other books, it is evident that little 
reliance can be placed on others where the weights and sizes 
are plainly inconsistent. Most of the foreign ones are taken 
from the small German book on bells by Otte, before noticed. 
But I satisfied myself that he sometimes uses the measures 
of one country and sometimes of another. I have received 

* I will use the letters M, T, W, to denote the only three English 
founders who have made large bells in this century, yiz. : MearSi 
Taylor, and Warner. 
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sections and measures of some bells from architects and 
others who had measured them, and I shall be thankful for 
any more, of really large bells. I give the weights of the 
two great Russian ones by calculation from their size and 
thickness, which is easily done, from their similarity to the 
Westminster pattern. I have seen even a larger weight 
than 8 cwt. given for the clapper of the Paris bell ; but the 
8 cwt. agrees pretty well with the drawing ; but if the draw- 
ing I have of the Erfurt clapper is right it cannot be so 
heavy as Otte gives it. Our clappers are of a better shape 
than the foreign ones, though generally too light. 

I have no doubt that some of these bells are bad ones, or 
they would have a greater reputation than they have. The 
Erfurt bell is the most famous of all the very large ones, 
and probably that of Paris next, though there are two 
opinions about that ; the old Cologne and Lucerne bells I 
have heard well spoken of. The new and larger Cologne one 
was cast three times. I have never heard it praised. On 
the other hand the new Great Paul was cast successfully at 
once, and it seems to me as good as possible. We have 
ample proof at home that large bells may be thought not 
worth ringing after costing a great sum of money, or may 
sound no distinct note, or may be supposed to be cracked 
because they are so bad. I heard the Montreal bell before 
it went out, and thought it quite as bad as York. I am 
told that the bell of St. Peter's at Home sounds as ill as 
it ought to do from its extremely bad flower-pot shape; 
I have a model of it, and it is loaded also with ornaments 
in high relief, which are sure to injure the sound ; but the 
shape is such that it is of very little consequence what the 
decoration is. The Canterbury bell is struck so feebly by a 
good-for-nothing modern clock that no one would suppose it 
had any business in this list : nor Tom of Oxford either, if 
judged only by his weak and abominable sound. See List, 
over the page. 
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LIST OF GREAT BELLS. 



GiMt Bella of 



Motoow (broken) 
Another . . • 
Another . . • 
NoYogorod . • 
Cologne . . • 
Bonen (was) . 
Olmntz . . . 
Paris, Montmartre 
Vienna . . . 
St. Paul's, T. . 
Westminster, M. 
Paris, NoCre Dame 

Montreal, M. • 
Sens .... 
Frankfort . . 

„ (2nd) 

Erfurt . . . 

M 2nd . • 

York,M.. . . 

Eheims . . . 

„ (2nd) . 
Vienna (2nd) . 
Magdeburg . . 

n (2nd) 

Schaffhausen . 
Lyons. . . . 
Cologne (2nd) . 
Tournai . . . 

H (Beffh>i) 
Breslau . . . 

„ (2nd) . 
Amiens . . • 

» (2nd) . 
Bennes . . • 



•> (2nd) , 
Marseilles . , 
Manchester, T. 

(2nd), 
Gorlits . . . 
St. Peter's, Rome 
Beverley, T, , 



Cambrai 



Date. 



1734 
1817 
1878 



1874 
1 501 



1898 
1711 

1882 
1858 
1680 

1847 



1868 
1868 

1497 
1720 

1845 
1570 
1849 



1702 
1590 
i486 



1448 
1843 
1393 
1507 
1721 
1748 
1736 



1882 
1882 

1786 
1901 



DUoM- 



ft. in. 
22 8 
18 O 



10 I 

9 ii* 
9 10 
9 6J 

It 

f 7 
8 7 
8 6} 

6 5 

8 4 
8 2j 



8 li 
6 5 



7 " 
7 9 
6 Si 



6 o 

7 7i 

5 "i 



7i 
8 



Weli^ 



tna. 
220 
1 10 
28 
31 
25 
17 
17 
18 

17 
16 

13 
12 

II 
II 
10 

4 
10 

4 
10 

9 
7 

10 
8 
5 
9 
8 
8 
8 

9 
5 

9 

5 
7 

i 

8 



cwts. 
O 
O 
13 

o 
10 

6 
18 
10 
14 
14 
II 

o 

II 

o 
o 
8 
o 
8 

15 
o 
o 
o? 

16 

o 
o? 
o? 
o 

10 

' o? 
o? 
o? 
o? 
8 

2 

o? 
3 

2 

o? 
o? 
I 

10? 

15? 



Note. 



Dflat 



Eflat 

E 
FtoP 
sharp 

F 

E 

Aflat 

E 

Aflat 

F sharp 

F 

G 

E 

Bflat 



FtoF 

sharp 

A 

G 

A 






?i 



9 

7i 

74 



Clapper 

or 
HamiDer* 

lOfl. 



1530 



1600? 

766 
900 



II20? 
405 



6i 



458 
360 
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Great Bells of 



Date. 



Diame- 
ter. 



Weight. 



Note. 



Clapper 

or 
Hammer. 



Hamburgh (St. Nio.) 
Nnremberg • . • . 

Malines 

„ (2nd) . . . 
LeMans. • . • . 

Lucerne 

Halberstadt. . • . 

Bale 

Middleburg. . . . 



Bouen (Cathedral) . 
„ (Bons^oours) , 
„ (St. Hilaire) . 
„ (St. Ouen) 

Antwerp . . , . . 
„ (2nd) . 

Oxford .... 

Newcastle, T. . . , 

Halle 

Munich .... 

Tourcoing . . . . 

Ghent 



„ (2nd) . . 

Lincoln, M. . . . 
Fecamp .... 
St. Paul's (Old) . 
Bruges «... 
Leipsio .... 
Brussells. . . . 
„ (2nil) . 
Ck>ir6 (Protestant) 
^ (R.C.) . . 
Bradford, T. . . 
Gourtrai .... 
Dantzio .... 
Oologne (3d) . . 
Batisbon. . . . 
Brunn .... 

Bodiz 

Ohalons . • . • 
Kariazell . . • 
Dresden . . • • 
Woroerrter, T. • . 



1876 

1392 
1844 
1696 



1636 
1457 



1852 
1892 



1655 

1310 
1680 
1891 
1480 
1493 



1835 
1878 
1716 
1680 
1634 



1873 



1453 
1449 

1325 
1841 

1830 
1787 
1868 



ft. in. 
7 6 



7i 

3 

3 



tns. 

6 
7 
7 
4 
5 
6 
6 
5 
5 



7 0} 

6 9\ 
5 iiJ 

5 II 

7 o 

6 5 

7 o 
6 11} 

6 o 

7 3 



6 iii 

6 3 

6 10 

6 10 

6 9i 

6 9J 

6 71 



5 o 



6 4J 



cwts. 
7 

16? 

o 

18 
16 

o? 
o? 

14 
8 



in. 



5 
5 
5 
7 
5 
4 
4 
4 
4 
5 
4 
5 
5 
5 
5 
5 
5 
4 



10? 
12 

18 

;r 



Gflat 

Aflat 

F 



F sharp 

F sharp 

toG 

Aflat 

G 

Aflat 

Aflat 

A 

Aflat 



o 

8 

2 
o 

4 
o 

I 

10 
o 

7 
12 

o? 
10? 

o? 

o? 

o? 

o? 

o? 

o? 
10 



GtoG 

flat 
AtoA 

flat 

A 

G 
AandC 

G 

A 



Aflat 
Aflat 

A 
Bflat 



Bflat 



lbs. 



224 
180 



246 
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Qn$i Bells of 



Exeter (Peter). . 

„ (TenorX T. 
LiUe (St. Andrfe) . 

^ (N. D. de la\ 
Treille . ./ 

Sydney, T 

Merrille 

Preston, T 

Bolton, W 

Leeds, W 

Valetta 

Boulogne .... 
Westminster (4tli) . 

„ (aU W.) 3rd qur. 

„ „ 2ud „ 

»♦ »f I8t „ 
Chichester, T. . . . 
Hotel de Ville, Paris 
Canterbury .... 
Gloucester .... 



Date. 



Diame- 
ter. 



Wei^t 



1675 I 6 2j 
1902 I 6 o 



1868 6 
1872 6 
1859 6 



1800 
1857 
1858 
1857 
1857 
1877 



ft. In. tna. cwta. 

4 O 

3 12 

4 8 

3 loi 

4 18 
4 7i 
4 16 
4 2 
4 I 



6 
4 
4 
3 
5 loj 



1762 I 5 9 
1400 i 5 8i 



o 
18 

I3i 
6 

I 

H 

10 

10 

5 



Note. 



A 

Bflat 



Bflat 

B 

B 
Bflat 

*B 

E 

F sharp 

G sharp 

Bflat 

C 
• C 



Clapper 

or 
Hammer. 



Iba. 



227 

200 
200 



175 
80 
60 
56 

142 



N.B.— Many of the above weights have been calculated from measurements taken hj 
an experienced English bell-founder on the spot. 
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Addenduni to p. 199. — A powerful clocfc, by Messrs. 
Smith of Derby, was fixed at Beverley Minster in 1902, 
which is the only clock in the world striking upon bells in 
two towers. The quarters chime upon the peal of 10 bells 
(tenor 41 J cwt.) in the N.W. tower (in strains of 12, 20, 
32, and 41 notes, at the ist, 2nd, 3rd, and 4th quarters 
respectively), and the hour is struck upon the bell, " Great 
John " (7 tons, i cwt.) in the S.W. tower, which is exactly 
in tune with the peal. For this purpose, the clock is divided ; 
the going part, and the chiming machine, being in the N. 
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tower (on the north face of which there is a Gothic skeleton 
dial 14 feet in diameter), and the striking train in the S. 
tower. The connection is made by a rod through the 
" tympanum," or chamber between the towers. 

Addendum to p. 200.— I designed the clock at St. 
Paul's Cathedral to strike the hour on " Great Paul," but 
objection was taken to altering the striking from the very 
inferior old " Phelps " bell. 

Addendum to p. 341. — Since 1896, a revolution has been 
brought about in the tuning of beUs, inaugurated by the 
late Kev. A. B. Simpson, Rector of Fittleworth and Pre- 
bendary of Chichester. Every bell gives out several notes, 
but, while the old Belgian founders (Hemony, Van den 
Gheyn, etc.) endeavoured to bring these more or less nearly 
into tune with each other, the task has never been achieved, 
and but rarely attempted, in England or any other country, 
for the past three centuries. Elaborate experiments, how- 
ever, have demonstrated its possibility, and modem science 
and improved machinery enable the old methods to be 
applied with greater exactness than ever before. There is 
no reason now why every bell should not give out a true 
and harmonious chord instead of a collection of discords. 
The tone of proprly tuned bells is incomparably fuller and 
richer ; and ordinary bells sound so thin and poor (as well 
as inharmonious) by comparison, that more than one fair 
average peal has already been sent to Loughborough to be 
recast — Messrs. Taylor being as yet the only founders who 
have taken up the discovery. The principal examples are 
the new peals of the Minster and St. Mary's, Beverley ; St. 
Patrick's Cathedral, Dublin; Holy Trinity, Hull; and 
Loughborough Church, and the tenor of Exeter Cathedral. 
In the N. tower of Beverley Minster hangs a peal of 10 
bells (1901), the tenor of which (41J cwt. in U) was de- 
scribed by Mr. W. W. Starmer, A.B.A.M., when lecturing 
on bells before the Incorporated Society of Musicians, in 
February, 1903, as an ideal example of a perfectly tuned bell. 
In the S. tower is a Bourdon (" Great John ") of 7 tons, i 
cwt. in G, which has been tuned an exact octave below the 
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sixth bell of the peal, thns satisfying the most exacting ear, 
both when it is rang as a service-bell on the ceasing of the 
peal, or when it follows the chimes as an honr-bell for the 
clock (v. Addendum to p. 199). During the visit of the 
Yorkshire Association of Change Singers to Beverley in 
September, 1902, it was rang as a bass accompaniment to 
the peal, with fine effect. 

Addendum to p. 355. — It is now, however, asserted 
that this difficalty has been entirely overcome by the new 
method of tnning, to prove which, a very small set of six 
bells, the largest only a little over 4 cwt., was exhibited at 
the Ecclesiastical Art Exhibition in the Imperial Institute, 
in connection with the London Church Congress of 1899. 
Canon Simpson called attention to the subject in a letter to 
the Times (Oct. 8, 1899), in which he said, "This little 
chime shows that the difficulty of small bells has been 
mastered, and there can be no reason why carillons of any 
size should not now be made in perfect tune." Messrs. 
Taylor have placed a similar miniature peal of eight in their 
tower at the Loughborough Foundry. 

Addendum to p. 362. — ^Persons who want large bells 
or peals should be informed that Messrs. Taylor of Lough- 
borough still use my composition of 13 of copper to 4 of 
tin which I prescribed for the Westminster bells as 
mentioned in this book. 

Addendum to p. 371. — ^This recommendation has now 
been carried out with great success. Two out of the three 
largest church bells in this country, "Great Paul" of 
London, and " Great John " of Beverley, have been hung 
in roller-bearings, and in steel headstocks of horseshoe 
shape, so that there is a very considerable counterpoise 
above the gudgeons. They can be easily rung "frame- 
high," or higher, if desired, without any strain to the towers. 
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Weathercocks (see also p. 227). — Weathercocks are so 
much expected on steeples and other high roofs, and so 
much within the competence of public clockmakers, and so 
universally made wrong, that I add a few lines about them 
and their universal defects of sticking fast (and so pointing 
wrong) by day and squeaking by night, and swallowing 
damp and dust, which decay them prematurely. 

The only way to make them, and avoid all this, is to join 
the meeting narrower ends of two oblong sheets of copper 
by copper rivets, so as to form a tube that will ride loosely 
on the usual spike, and then stop the upper end of the tube 
with a bell-metal plug or disc, pushed tight into the tube and 
fixed with common solder, or only the edges of the tube 
hammered over it, so that it will ride and spin on the top 
of the spike — ^which is better rounded than sharp. The 
other end of the double plate may be cut into any shape 
you like, as pointer to the point of the compass from which 
it is called E. W. N. S., as usual. I have had successive 
cocks of this construction in use, and perfectly successful, 
for years. Two of my best makers of large clocks — viz. 
Joyce of Whitchurch,. and Smith and Sons of Derby, who 
made the new St. Paul's clock under my direction in 1893 — 
have offered to make them, and a firm of coppersmiths wrote 
to me to the same effect, intimating that they did so already. 
But my building foreman could find nothing of the kind 
in shops that sell weathercocks of the usual badness, and I 
have a similar complaint from a friend with a large country 
house. The spike should be slightly oiled occasionally, but 
not greased thickly. 

Ohimney-cowls may evidently be made in the same way. 
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A IR, rMbtance of to pendulnm, 44, 
70; barometric effect 0^ 71. 

Air-tight clock-case, 72. 

Airy, Sir O. B., 10, 11 ; his calculations 
for dead escapements, 81, 82, 85 ; for 
gravity escapements, xzz; his de- 
tached escapement, 105 ; maintaining 
power, 151 ; spring remontoire, 236 ; 
conditions tot Westminster dock, 
266 ; fEulnre of his alteration of the 
striking work, 272 ; his report on the 
Westminster bells, 271; on wheel 
teeth, 273. 

Alamms, 177. 

Alnmininm bronse, 94, 283 ; bad for 
bell metal, 365 ; balance springs, 
302. 

American docks, 135, 153; watches, 292; 
mainspring barrel, 292 ; watch fitoto- 

Mes,334. 
Anchor pallets, 75. 
Antimony in some bells, 363. 
Arbors, or axes, of wheels, 20. 
Architects ignore bells and docks, 184, 

384; their ignorance of requirements, 

2x6 ; often destroy bdfries, 385, 386. 
Arcs of yibration in docks, 35, 72, 92; 

watdies, 318. 
Arsenic in bell metal, 364. 
Astronomical docks, 82, 127 ; dial work 

o^ 137 ; Greenwich dock, 105. 
'Astronomy without Mathematics,' 

referred to, 2, 4, 373. 
Austrian docks, 154. 

^AILY, F., on barometric compen- 
sation, 71, 72 ; his mistake on pen- 
dulum oompensatum, 66. 



Bain's electrical docks, 156. 

Balance spring, 297 ; glass, 30a. 

Balance springs of watches, 298, 302. 

Balance- whed dock escapements, 28. 

Balances, compensation o^ 304, 314. 

Barometric compensation, 70. 

Barrels, going, 147. 

Barry, Sir C, his Westminster dock^ 
hands, 221, 256, 368. 

Beat, adjustment of^ 78 ; sdf-acting in 
French docks, 154; single-beat es- 
capements, X07, 321. 

Beat pins, irory and wooden, 13X ; eo- 
cenfario, 102 ; spring, X03. 

Beckett, Sir E., on 'Clocks,' &o., in the 
EneyehpcBdiaBritannicaf 20; meridian 
dial, X3 ; bdt and shutter, X50 ; de- 
tached escapement, xo6; *drop 
bushes ' for turret dodcs, 191 ; gene- 
ral plans for them, X83, 193, 196; 
conoare dials, 2x0; spring remon- 
toire, 236; three-legged dead escape- 
ments, X02, X04; four and three 
legged gravity escapements, X2i,x29; 
half-hour striking, 170; plan for the 
Westminster dock, 265, et »eq. ; im- 
proved stays and sliders, 375; new 
bell-crown, 368; experiments for the 
Westminster bells, 339, 340 ; plan f(» 
bell frames, 378 ; for hanging small 
bells, 372 ; for Great Paul, 371 ; rules 
for bdl construction, 357 ; for oom- 
position of bdl metal, 361. 
Belfries, their desiaruction by archi- 
tects, 386. 
Bell-crown, common, 368; Sir R 
Beckett's, 368 ; Taylor's, 368 ; mush- 
soom-shape, 368. 
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BeU-fonnden, aome celebrated om&B, 
335» 337 ; foreign, 339. 

Bell frames, 377 ; their arrangement, 
378 ; bottom ahonld fit tight to walls, 
377' 

Bell-hanging, 370 ; stays and sliders 
f^f 374 ; for elodcs, 211, 212. 

Bell-metaJ, its composition, 338, 340, 
361, 362 ; impurities ot, 364 ; melting 
point of, 366 ; silver useless in, 364 ; 
its speciflo gravity, 361. 

Bell-moulding, diflnent methods of, 
365. 

Bell-ringing, books on, 374. 

Bell ropes, 372; generally too thick, 
373, 

Bell-tolling, 371.* 

Bell-towers, 384 ; constmction and 
size for bells, 384 ; windows should 
be caged, 387; and have louvres, 
385. 

Bells, history of fkmons ones, and their 
xiuikers, 335 ; great bells of Europe, 
388; list of their weights and 
sizes, 390; Oxford and York very 
liftdf 337> 338 ; Chinese and Indian, 
356 ; Cologne, cast three times, 389 ; 
St. Fetor's, and Montreal, and 
Great Paul, 371, 389; dappers, 376; 
frames, 377 ; gudgeons, 375 ; cracked, 
incurable, 367 ; notes, 341 ; price for 
casting and re-casting, 338 ; proper 
shape for, 355 ; hemispherical, bad, 
355; rule for construction of large 
bells, 357 ; scale of weights, 343, 346 ; 
■peciBcatians for, 380; stocks, 376; 
thickness of sound bow, 345, 360; 
'tucking up,' 360, 370; toning, 341; 
sound best swinging, 373. 

Bells in peals, sizes. Ac., 346; Beverley, 
394; Boston and Eaton Hall, 2x0, 355, 
339 ; Bow Church, 347 ; Bradford, 350 ; 
Burton, 351 ; Doncaster, 351 ; Exetor, 
347; Gainford, 352; Headingley, 352; 
Manchester, 350; Ossett, 351; Roch- 
dale, 348 ; St. Paul's, 348 ; Great Paul, 
371 ; Southwafk, 347 ; Worcester, 348 ; 
York Minster, 347; large and small 
together, bad, axo, 355, 394. 

Berthoud on escapements, 91, 315. 

Bevelled wheels, 283. 

Beverly bells, 394; clock, 199, 393. 



Big Ben of Westminster, the first and 

second, 270, 271. 
Bloxam, his escapements, 66, 82, 1x3, 

1x8 ; corrected Sir G. Airy, 82, 120 ; 

invented the dipleidosoope, 14; on 

barometric error, 71. 
Bobs for pendulums, 31, 43, 54, 57. 
Bolt and shutter, 150 ; Sir B. Beckett's 

improved, 150. 
Bond's telescope-driving dock, 232. 
Bottle-jadc cECapement, 29. 
Bow Church beUs and York, 347. 
Box chronometer, 295. 
Bradford Town Hall tower and bells, 

2x6, 350. 
Brass- work destroyed by town atmo- 
sphere, 241 . 
Brasses for bell gudgeons, 375, 363. 
Breguet's tipsy key, 292. 
Bryant, bell foimder and olockmaker, 

338. 
Buffers for large hammers, 2x3. 
Burton and Ossett bells, 351. 
Bushes, various kinds of, 191, 192. 

QAMBRTDGE and Westminster 
chimes, 202, 204. 

Cams, 284 ; proper form o^ 286 ; for 
large dodos, 187 ; in the Westminster 
dock, 257. 

Candles graduated, for marking time, 
i7« 

Canons of bells, 369. 

Cast iron for dock-wheels, 239 ; and 
sted pinions, 240, 281. 

Oast iron jars best for mercurial pen- 
dulums, 68. 

Casting of bells, test for good, 361. 

Cattley, Rev. R., Worcester chimes, 203 ; 
lifting off hammers, 206. 

Cemetery bells, 355. 

Centre of oscillation of pendulumsi 
36. 

Chance's glass for dials, 222. 

Chester cathedral chimes, 203. 

Chimes (quarter) at Cambridge and 
Westminster, 202, 204 ; Chester and 
Worcester cathedrals, 203 ; Doncas- 
ter and Scarborough, 203, 204 ; Head- 
ingley, 204; Royal Exchange, 202, 
204 ; St. Alban's cathedral, 207 ; pe- 
culiar, on two bells at York Minster, 
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so6; intenral between endi qowter, 
ao5. 

ddme-tonei, 174* *07; impioTements 
by Ofllett and Bland, S08; by Lund 
«idBloeUey,ao9; BoetonandBaton 
Hall, fte., axo. 

Chiming hammera, EUaoombe'i, 373; 
by machinery, 336. 

Chimney-pieoe dooka, 304. 

Chineae bella, 356 ; gonga, 335. 

* Chorda ' in eUme-tonea bad, axo. 

Chronograph at Qreenwioh, 26. 

Chronometer eaoapement, 333 ; aeoon- 
dary oompenaation, 307; triala at 
Greenwich, 308; lirerpool, 309. 

Chronometera, 295, 303 ; rate of^ 314* 

Chronometrioal thermometer, 306. 

Chronoeoopie diali, 143, 144. 

Chnroh dooka (aee Torret dooka). 

Choroh towera and arohiteota, 384, 386. 

Cironlar error of pendolmn, 34, 49* xi3' 

CUppera, 359, 376. 

*Clappering ' cradta bella, 379. 

Cleaning watches, 333. 

Clepeydree of Greeks and Romans, x6. 

Clock out of beat, to regulate, 78. 

Clock-caaes, 139. 

Clock-room, Tentilation of, 227. 

Clock time, all regulated by sidereal 
time, X. 

ClodDS, invention of^ x8 ; ancient docks 
in Ihigland, 19; constmotion of^ 20 ; 
arrangement at conmion, X34 ; going 
part of; 132 ; inflnenoe one another, 
45 ; to regolate by aidereal obaerya- 
tions, 8 ; striking, 162 ; striking one 
at the hour, 163 ; half-honr striking, 
170 ; strike and aQent, X67 ; striking 
qnartera, X72 ; silent beat, xoo ; cno- 
koo, X54 ; English or repeating strik- 
ing work, X65 ; foreign or locking- 
plate method, 167 ; variona media- 
nism for striking work, 177 ; Ameri- 
can, X35, X53 ; Austrian, French, 
German, X54. 

Clocks, astronomical, 82, 127, X37 ; dec- 
tadcal, 156 ; equation of time, 145 ; 
musical, 178; self-winding, 155; 
spring, 152 ; tell-tale, X78 ; year, 138; 
day of the month, X4X. 

Clocks with dials for many places, xx. 

Cologne bell cast three tiinea, 389. 



Compenaatton of balances, commoa* 

304 ; secondary, 307 ; Dent^s, 3x0 ; 

Denfs prismatic, 313 ; Biife^B, 309 ; 

KuUberg's, 3x2 ; Loaeby's, 3x0. 
Compensation of pendulums, 52, x8o ; 

barometric, 70 ; compound bar, 62 ; 

EUicott's, 64; homogeneous, 64; 

Smeaton's, 62 ; wood and lead, 59 ; 

wood, dno, and lead, 6x ; dnc and 

sted, 54; mercurial, 65 ; Baily's mia- 

takeon, 66. 
Compodtion of bell-metal, 338, 340, 36x» 

362, 3^. 
Cancave dials tat large docks, 210. 
Conical pendulum, 24 ; its uses, 26. 
Construction of bdls, rule for, 357; 

dials, 216, 2x9. 
Continuous motion docks, 24, 23 x. 
Cooke, dodc and tdescope maker, 243 ; 

his tdeeoope-driving dock, 232. 
Copper for bell-making, 340, 365. 
Counterpoises for dock hands, 22x. 
Crab, double-barrelled, 248. 
Cracked bells oaimot be mended, 367 ; 

dappering causes, 379. 
Cranks, different forms of, 213. 
Cubit of Pyramid, and Jewish, 41. 
Cuckoo docks, 154. 
Cumming's escapement, X15. 
Cydoidal theory, 32; cheeks useless, 

33. 

T\ AY of the month dials, X40. 
Day, sidereal, x ; solar, 2. 

De la Bue's telescope-dxiTing clock, 
232. 

De Tick's dodc escapement, 28, 30. 

Dead escapements, 80 ; effects of fric- 
tion on, 82 ; mathematical theory of, 
85 ; large and small arcs, 92 ; length 
and arrangement of pallets, 96 ; vari- 
ous materials for pallets, 94; pin 
whed, 98 ; Graham's, 81 ; Macdow- 
all's, xoo ; Bedcetf s three-legged, 102. 

Degree plate for a pendulum, 47. 

Dexmiaon, A. L-, of America, his im- 
proved Geneva atop, 297; keyless 
watch, 330 i lever escapement bridge 
318. 

Dent, £. J., his compensation balance, 
310 ; prismatic balance, 313 ; regula- 
tion of watches, 300 ; x8Sx ExhibitkMi 
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dock,i82, 838; Boyal Exchange dock, 
S33 ; WeBtminster dock, 266, et teq, 

* Depthing tool ' described, 282. 
Detached escapements for docks, 104 ; 

Sir G. B. Airy's, 105 ; Sir B. Bedietfs, 
X06 ; for watches, 323. 

Dial wheels, 223 ; of watches, 297. 

Dial work of honse docks, 135, 137 ; of 
large clocks, 2x6. 

Dials, chronoscopio, 144; iUnminated, 
222; moon, 139; of public docks, 
2*;5; colour and materials for, 2x8, 
2x9 ; convex and concave, 220 ; hands 
of, 220 ; figures of, 218 ; of the West- 
minster dock, 2x8. 

Dials of watches, 333, 

Dipleidoscope, the, 14, 15, 16. 

Doncaster bells, 339, 353; quarter 
chimes, 203, 204. 

Double-barrelled crab, 248. 

Double three-legged gravity escape- 
ment, X28. 

Driving and running teeth, 279 

* Drop bushes' for large docks, 191. 
Duplex escapement, 321, 

Dutch docks, 153. 

JJATON HaU bells, 2x0, 339, 354. 
EifiB's compensation balance, 309. 

Electrical docks, 156 ; Bain's & Shep- 
herd's, 156; Jones's, 158; Ritchie's, 
159. 

Ellaoombe, Bey. H. T., on the bells of 
Devon, 336 ; his chiming hammers, 
373* 

Ellioott's compensation pendulum, 64. 

Elliptical section of a bell, 358. 

English ftisee watoh, 294. 

Epicycloidal teeth, 276. 

Equation of time, 4 ; table of the, 6. 

Equation of time clocks, 145. 

Equatorial tdesoope at Greenwich, its 
driving apparatus, 26. 

Escapements of docks, 28, 75 ; dead, 
80; half-dead, 9x; detached, X04; 
pin-whed, 98 ; sOent, xoo; recoil, 77 ; 
remontoire, 107 ; single beat, X07, 32X ; 
single pin, xoo; three-legged dead, 
X02. 

Escapements, gravity, theory 0^ 107 ; 
Cumming's, xxs; Hardy's, xx6; Ea- 
ter's, 1x6; Gowland's, xx7; Gau- 



n«ry*8, 117; Bloxam*s, xx8 ; Bedrett's, 
X2X to X32. 

Escapements of watches, 3x4; chro- 
nometer or detached, 323 ; duplex, 
32x; horizontal or cylinder, 319; 
lever, 3x5 ; lever chronometer, 325 ; 
vertical, 3x5; virgule, 321; Grays 
315. 

Europe, the great bdls of, 388, 390. 

Exchange, Boyal, chimes, 202, 204, 207 ; 
clock, 181, 225, 233 ; alterations of, 239. 

Exeter Cathedral bells, 347. 

piGURES on dials useless, and proper 

size of, 2x8. 
'Finishing' too much undesirable, 

96, 241, 324. 
Fly, striking, for turret docks, 194 ; for 

gravity escapements, X23, X30. 
Fly-wheel docks, earliest, 24. 
Fly, remontoire, 230, 237. 
Foreign beU founding, 339; churches, 

chimes in some, 208. 
Forks of pendulums, 46 ; with springs, 

X03. 
Four-legged gravity escapement, xii. 
Four-wheeled trains, X9x, X93. 
Frames for bells, and fixing, 377 ; for 

turret-docks, x8x, 184. 
French docks, X52 ; improved kind of, 

154, X7if x8i. 
Friction in dead escapements, 82; in 

turret docks, X79, 200. 
FricUon rollers for bells, 371, 394; for 

clock barrel, 78, 84. 
Fusee of watches, 393 ; often dispensed 

with, 39Z. 

QAINFORD peal of bells, 351. 
Gaimery's escapement, X17. 
Geneva stop, 296. 
German dodcs, X53. 
Gillett and Bland's chime madiinery. 

209, 210; clocks and bells, x82, 337. 
Gimbals, chronometer, 303. . 
Glass balance springs, 302. 
Gnomon, its position on sundials, x2. 
Going part of dodcs, 132. 
Going barrels (see Maintaining power), 
Gongs, 335. 
Gowland's escapement, 1x7. 
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Oraham's dtad etotpement, Si ; hoil- 
■ontia watoh etMpeiiient» 319. 

Qrmfitf mempemmim, 107 ; theory oU 
109; Modge'iy 109; Beoketfs fbar- 
l«g8^ Ki; doable -three -legged, 
128; beet for Urge olooki, 130, 239; 
reqoire heeyy weights, 125 ; in the 
Weetminster clock, 253 ; rate of some, 
131, 182, 263. 

OraTitjr, ipedflo, of metals, 53. 

Gray's yertical watch escapement, 3x5* 

Oreat Paul of London, 344, 371, 389. 

Great Tom of Oxford, 337, 338. 

Great wheel, strikiog from, 187. 

Greenwich mean time and local time, 
8; table for forty-two towns, 9; 
barometrie pendulum compensation 
at, 75 ; trials of chronometers at, 308 ; 
sidereal dock escapement, Airy's, 
105; eiiaatarial driving dock, 26; 
rerolving pendolnm, a7. 

Gridiron pendnlnm, 53* 

Gudgeons of bells, 375. 

Gnn metal, 367 ; its composition, 241 ; 
for dodc wheels, S4x. 



ffALF-DEAD escapements, 91; Ber- 
thond's, 91. 

Half-hour strfldng, 170. 

Half-hours with rack movement, 171. 

* Half-hunting' watches, 333. 

Hammers, dodc, 210 ; fixing, 2x1 ; 
lifting oil; 205; shape, 211; weight, 
21S1 246. 

Hand-bells, 355. 

Hands of docks and watches, the best 
colours for, 137, 144 ; for large docks, 
220; proper construction and fix- 
ing, 220 ; counterpoises, 2si ; of the 
Westminster dock, 256. 

Hanging bells, 371 ; on friction rollers, 
371 ; chapd and school bells, 372. 

Hardy's escapement, xi6. 

Harrison, the chronometer maker, 53 ; 
his dock escapement, 77; going 
barrel, 148 ; gridiron pendulum, 53 ; 
inventor of watch compensation, 305. 

Headingley, 8t Chad's diimes and 
peal, 204, 352. 

Helix teeth, 275. 

Hemispherioal bells, 355. 



Henderson's sidereal and mean time 

clocks combined, zo. 
Holmes, an old dot&maker, 62, 143. 
Homogeneous oompensati<m, 64. 
Hooke, inventor of the balanoe-epriae 

of watches, 31, 76, 290. 
Horisontal or cylinder escapement, 319. 
House dock, common, 134. 
' Howard Clock Company,' of Ameriea, 

292. 

Huyghens, his theory of the pendulum, 
30 ; his endless chain, 147 ; tiieory of 
balance-spring for watches, 290. 

Hypooydoid and epicydoid, 276. 

TLLTJMINATED dials, 222. 

Indian bells, bad shape, 356. 
Iron in bell-metal wrong, 364, 3^5* 
Iron stocks and frames for bdls, 376W 
Isochronal spring, Loseby's, 91. 

JEWELLED pallets, 94f 3i8- 

Jobbing in contracts for publie 
docks, 242, 244. 
Jones's electrical docks, 158. 
Joyoe's.turret docks, 182. 

yATEB, his escapement, xx6 ; mer- 
curial pendulum, 67. 
Key, best watch, 293 ; for docks, X37. 
Keyless watches, 328 ; Dennison's, 330 ; 

Kullb6rg*s, 329. 
Keys, winding, 137. 
King's Cross dodc, ioo» 238. 
Kullberg's compensation balance, 3x2; 

his keyless vratch, 329. 

T ANTEBN pinions for docks, 135, 
a7o^ 28r. 

Lantern towers difBoult for bell-ring- 
ing, 386. 

Large and small arcs, 72* 9a* 

Large and small dodcs, difference be- 
tween, X79. 

Large turret docks, 197. 

Lead, adulteration in bells, 364 ; decay 
of; on church roofs, &c^ 340. 

Leap-year, how it affects the equation 
of time, 4. 

Leaved pinions, 282. 

Lepaute's pin-whed esoapement» 98. 
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Lerer escapement, 315; ehronometer 

escapement, 325. 
ligbt-honee elookt, 26. 
T«ineoln Minster elock, 182, 199. 
Lines and palleys for winding up large 

doeks, 190. 
Local tame, docks for, 11. 
Locking-plate moyement, 167, 172: 
Loseby*! isochronal spring, 91 ; tialanoe 

for watches, 310. 
Lmuur docks, 139. 
Land St Bloddey*s chime machinery, 

209 ; stop watches, 332. 
Lnts of Geneva, his balance springs, 

302. 

^ACDOWALI/S single-pin escape- 
ment, xoo; his spiral drill, See,, 
xoi, X02. 

Ifagnet nsed ficnr regolating dodtt, 5a, 
75. 

Maiden bells, 354. 

Mainspring of watches, 290. 

Maintsining powers of dodts or going 
bsRds, 147 ; endless chain, 148 ; 
Harrison's, 148; bolt and dmtter, 
150; Beckett's improved ditto, 150; 
'son and planet ' power, 151 ; West- 
minster dock plan, 199, 254; going- 
band in watches, 291. 

Manchester Town Hall dock and bells, 
182, 350. 

Marine ehnmometer, 303, 

Mean time, 3 ; how got from sidereal 
obserratioos, 5, 8. 

Mearsb bdl-fonnders, 270> 337, 339$ 340* 
361; their Westminster bdl, 363; 
Montreal and Toric, 389 ; Royal Ex- 
change and York, 269, 339. 

Mending cracked bdls inq;»08sible, 367. 

Mereoxfal eompensstinn, 65 ; Kilter's 
and BeokettPs, 67 ; cast-iron Jars for, 
68 ; barometie, 71. 

Meridian dial, 12 ; method of constmct- 
ingone,x3. 

Metre, the French, a bad measore, 401. 

Metronome, the, 41* 

Moon dials, 139. 

Moore, Holmes, and Madwnsie, bell- 
foonders, 337, 376. 

Morrison's onivetsal joint, 226. 

Moulding bells, 365. 



Madge's gravity escapement, 109; in- 
vented the lever escapement for 
watches, 294. 

Masical docks, 178 ; hand-bdls, 355. 

'M'EW bdl-crown. Sir B. Beckett's, 
^^ 368. 

Notes of bdls, 341, 351 ; diould not be 
prescribed, 380. 

QIL for docks, 288. 

Old bell-foonders, 337, 338. 
Old Tom of Lincoln, 363. 
Oscillation, centre of, 36. 

pAINTING all ironwork of large 
docks, 24X ; bell frames and 
wheels, 383. 

Pallets, 28 ; anchor, 75 ; length of; 96 ; 
pin, 100 ; sted, 94 ; various matuials 
for, 94 ; silent, xoa 

Peal of large bells, specification for, 
380. 

Peals of bells, roue of the largest, 347. 

Pedometer, the, 330. 

Pendolnm bobs, 31, 43, 54 ; cocks, 45 ; 
springs, 45* 

Pendolom, conical or xevdving, 24, 26 ; 
of the Westminster dock, 44, 253. 

Pendohnns, invented, 29; centre of 
osdllatimi o^ 36 ; drcnlar error, 34, 
49 ; compensation, 52 ; homogeneoaa, 
64 ; mercarial, 65 ; wood and lead, 
59; wood, sine, and lead, 61 ; for 
chnroh docks, X79, x8o; cydoidal 
theory, 33 ; lengths o^ 36; the 
heaviest in England, 57 ; regalation 
oi; 49; relation to gravity, 37 ; diape 
o^ 42; diort and dow, 41 ; springs of, 
47; standard lengths, 39; suspen- 
iloii, 44; temporary regalation, 51 ; 
fanportence of firm fixing, 45, 93. 

Peroy, Dr^ his report on the West- 
minster beU, 270. 

Phdps te Co., old bell foanders, 337. 

Pinions of docks, 2x; lantern, 2791 
leaved, 282 (see Wheels). 

Pin pallets, xoo. 

Pin-whed escapement, 98. 

Potts, maker of Linodn Minster clock 
and others, 182, 199. 

Palleys, 22, X48, 190. 
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QUABTEB ohimM (tee Chimet) ; on 
^ two bdls, aox, 206; ilioald be inde- 
pendent of honr in lavge dooks, 206 ; 
of Wettminster dock, 157 ; nek and 
repeating movementf in small elooks, 
173. 

pADIUS of osoilltttoo of pendnlnme, 

Batobet wheels, tz, X49« 

Rate of the Westminiter elock, 263 ; of 
tome other gravity eaeapementdodcB, 
iji, 182 ; of 185 z Bzhibition Clodc, 
238 ; of watdies, 3x4.. 

Recoil anchor pallets, 75 ; escapement?, 
77 ; BjuTison's, 77. 

Regulation of pendnlnms, 45, 49; ci 
watches, 299 ; the old plan, 301. 

Reid on train remontoiies, 228, 229. 

Remontoire esoapements, X07, 327. 

Remontoire train, 228 ; bevelled wheel, 
229; oontinnons motion, 231 ; internal 
whed, 233 ; qpring, 236, 237. 

Repeaters, 327. 

Repeating striking work, 165. 

Ritchie's electrical docks, 159 ; their 
pendolums, 160. 

Robinson, Dr., on barometio compensa- 
tion of pendnlnms, 72. 

Rochdale chimes and tower, 348, 350. 

Rollers, fiiotion, 37x> 

Ropes, wire, best for turret docks, 187; 
in the Westminster one, 258. 

Rosse, Lord, his water dodc, 17. 

Budhalls, famons bell-foanders for* 
meriy, 336. 

OT. ALBANS cathedral chimes, 207. 
St. Paul's clock heard at Windsor 

striking thirteen, 387 ; peal of bdls, 

348 : the great bell, 344, 389. 
Sam Slick was Eli Terry, X53. 
Sand docks, x6. 
Scape wheels, bad weight of, 95; a very 

small one, 103. 
Secondary compensation, theory of; 307 ; 

inventions for, 309—3x4. 
Self-winding docks, 155 ; watch, 330. 
Shape of bells, 355 ; pendulums, 42. 
Shepherd's deotrical clocks, 157. 
Ship time-pieces, 303. 
SiddoDs and Meese's docks, 144. 



Sidereal day, x ; time, i, «. 
Silver, noae in bell-metal, 365. 
Single-pin escapement, xoo. 
Single-beat escapements, xe/. 
Bkew-bevelled wheehs 284. 
Smeaton's glass pendulums, 62. 
Snowdon's books <m bell-ringiBg, 374. 
Solar day defined, 2 ; why it varies, 3. 
Sound-bow of bells, 360. 
Specific gravity of metals, &c., 53 ; bellSk 

361. 
Spedficattons Cor pubUo docks, 243; 

bells, 380. 
Spring docks, 152; remontoires, 336, 

237. 
Stays and sliders of bells, 374. 
Steel bells, bad, 364; pallets, 94- 
Stop, Geneva, 296. 
Stop, winding, of watches, 295. 
Stop-watches, 330. 
Stops for weights, 189, 263. 
Strike and silent, 167, X77. 
Striking doeks, 162; half-honis, 170; 

accuracy of discharge, x86, 199, 306, 

260. 
Striking part of house dooks, 162 ; tur- 
ret dodcs, 187, 246; Westminster 

dock, 258. 
*8im and planet' maintaining power. 

Sundials, 12. 

Suspension of pendulums, 44, 93. 
Sweep or section of bdls, 357, 365. 
Swinging, effect oi; on the sound of 

bells, 373. 
Swiss watches, 152. 

rPABLE of the equation of time, 6 ; 
expansion for compensated pendu- 
lums, 53 ; differenoe ot forty- two 
towns from Greenwich time, 9 ; <um 
of public dials, 2x7; weights and 
sizes and notes of beUs, 343, tt teq, ; 
of the great bdls of Burope, 390, 391;; 
of various quarter dumes, 204. 

Taylor, bdl-fbunder, 337, 35X, 352. 

Taylor, Bev. W., and the Westminster 
bell, 269 ; and the York bell, 370. 

Teeth of wheels, 273 i bevdied wheelB, 
283; (»ms, 284; construction of, 
286; epicydoidal teeth, 276; hdijc 
teeth, 275 ; internal wheels, 283 ; 
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lantern pinions, 279 ; leaved pinions, 
282. 

Tele80oi)e • driving olockst 17, 26; 
Cooke's, Bond's, and De la Bus's, 232. 

Tell-tale docks, 178. 

Tenor bell in a peal, proper proportions 
Otf 344» 345* 

Thermometer, ohronometrical, 306. 

Thickness of bells, 345. 

Three-legged dead escapement, 102; 
gravity escapement, 129. 

Three-quarter phite watches, 295 

Time balls and gons, 162. 

Time of striking (quarters), 206. 

Time, measures of (see mean, side- 
real, local); graduated candles, 17; 
sand docbi, x6 ; sun - dials, 12 ; 
water-docks, z6, 155 ; meridian dials, 
12 ; dipleidoscope, 19. 

Timepieces, ship, 303. 

Timing screws, 300; timing for posi- 
tion, 302. 

Tin in bell-metal, 340, 363, 365. 

Tipsy winding-key, 292. 

Tolling of bells, 371. 

Tolling levers, 371. 

Tom of Oxford, a very bad bell, 337. 

Tourbillon escapement, 326. 

Tractriz curve, to describe for cams, 
286. 

Train remontoires, 228 ; bevelled wheel, 
229 ; continuous motion, 231 ; inter- 
nal wheel, 233 ; Beid's, 228 ; spring, 
236, 237. 

Train of wheels in docks, 21, 22 ; in 
watches, 295. 

Transit instrument, 2. 

Troughton's pendulum, 53. 

Troyte on bell-ringing, 374. 

Trumpet and cuckoo cIocJdb, 154. 

* Tnddng-up ' of bells, 370. 

Tunes, chime, 174, 207 ; on church bells, 
208. 

Tuning of bells, 393. 394. 

Turret clocks, 179; best position for, 
x8o; frame for, x8x; and its con- 
struction, 184; iron barrels, 184; 
tbree-wbeeled trains, 285 ; dials, 2x6 ; 
illumination of, 222; regulating and 
setting the hands, 221 ; counterpoises 
for the hands, 221 ; hammers of, 188 ; 
position of fly, 194; wire ropes for, 



187 ; stops against overwinding, 189, 
263 ; striking part-, 198 ; Ufting off 
hammers for ringing, 206 ; speciflca- 
tion for, 243 ; Batch-wood dock, 183 ; 
larger ones, 193 ; smaller, 193. 
Turret and diurch dock makers, 182. 

•QNIVEESAL joints, 225 ; new Ame- 
rican, 226. 
* Up and down • dial, 296. 

yENTILATION of dock-rooms, 227. 
Vertical watch escapement, 29; 

Gray's, 315. 
Virgule escapement, 321, 
Vulliamy, Mr., 91, 94, 181, 202 ; and the 

Westminster dock, 265, 266. 

TO'AGNEB'S continuous motion re- 
montoire, 231. 

Warners, bell founders, 269, 337, 351. 

Watch oases, 333 ; dials, 333 j escape- 
ments, 314--328. 

Watch keys, best kind oi; 293. 

Watches, their early history, 290; 
general construction, 294, 295 ; ba- 
lance-spring, 297 ; compensation of 
balances, 304; secondary, 307; dial 
wheels, 297 ; fusee, 293 ; mainspring, 
290 ; regulation, 299 ; timing for posi- 
tion, 302 ; glass balance springs for, 
302 ; keyless watches, 328 ; repeaters, 
327; self-winding, 330; stop, 330; 
winding-stops, 295; American fac- 
tories, 334. 

Water docks, 16, 155; used by the 
Greeks and Bonums, 16; Lord 
Bosse's, 17 ; the one at Greenwich, 
x8. 

WeathercodtB, 227, 395. 

Weights, stops forfiOling, 189; wind- 
ing, 189, 263. 

Weights and sizes of bells, 343, 346, 390. 

Westminster bells, the, 339, 343, 361 ; 
their history, 269 ; their cost, 273. 

Westminster dod^ its history, 265; 
construction, 248 ; cost, 273 ; gravity 
escapement, 253 ; maintaining power, 
254 ; r^ulation of the pendulum, 252 ; 
its rate, 263 ; striking parts, 257, 258 ; 
dials, 25s ; hands, 256 ; winding of; 
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•61 ; eariooB MgrgiMtknis for winding, 

26t ; hM BO barooMtrie eRor, 7t. 
WheaMxm^w clMtrio«l dodn, 157. 
Wheels for doekt, 95; 1>*ia ot ap; 

bereltod, 183; ilww-bevvIM, 184; 

OMt iron, 239 ; fthunintum tmmeior, 

94* 
Wbeeto for wntdiM, niimb«n of teeth, 

<e, X33, 185, 198 ; for diala, 224, 297 ; 

inv»tehea,295; and eee Teeth, 283. 
Whitaker'e elmaniek, ddeveal time of 

noon in, 5. 
White's gearing, 274. 
Willta, Prot, Ma t«ble of wheelwork, 

277. 
Winding heya for eloeka, 137 ; 
be long, 138 ; for wntcboa, 293* 



Winding atope for iratehea,a95 ; eloda, 
189,262. 

Windowa of bdKdiamben, 387. 

Winrepea beat for large elodka, 187. 

Wooden beat pina, 131; pendafama^ 
59*60. 

Woreeater eathedral bdla, 348, 353; 
ehimea, peeoUar, ao3; eiod:, 182, aah, 

YBAB doeka, 138. 
^ York Minatar beOa, 347* 363; 

great bell, a bad one, 33S t qnnrtor 

ehimes, peenliar, 206. 

^INO in beD^metal, 364 ; sine and 
ateel pendiilama» S4 '» htUn tbMsx 
— a nri a l, 70b 
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ACETYLENE, LIQHTINQ BY. Generators, Burners, and 
Electric Fnmmces. By William £. Gibbs, M.E. With 66 Illustrations. 
Crown 8vo, cloth 7/6 

AIR QAS LIQHTINQ SYSTEMS. See Petrol Gas. 

ALCOHOL (INDUSTRIAL): ITS MANUFACTURE AND 

U5BS. A Practical Treatise based on Dr. Max Maerclcer's " Introduction 

to Distillation," as revised by Drs. Delbruck and Lanob. By J. K. 

Brachvogel. seepages, ios engravings .... Neti^lQ 

thb Industrial Valub op Tax— Frbb Alcohol and what it mbans to 

AGRICULTURAL INTERESTS— SUMMARY OP THB PROCESSES IN SPIRrr MANUPACTURE~ 
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Hnzymbs or Ferments— Products op Fermentation- starchy and Sacchari- 
FBROus Raw Materials— Preparation op the Malt— Steaming the Raw 

llATERIAX^-THE MASHING PROCESS— FERMBNTINC THB MASH— PREPARATION OP 

Artipicial Yeast in the Distillery- Fermentation in Practice— Distillation 
and rbctipication — Arrangement op the Distillery — The spent Wash — 
Dbnaturinc op Alcohol— Alcohol for the production op power, heating and 
Illumination— statistics. 

ALKALI TRADE MANUAL. Including the Manufacture of 

Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. By John Lomas. 
AUudi Manufacturer. With na Illustrations. Super-royal 8vo, doth. 

£1 IDs. 
BLOWPIPE IN CHEMI5TRY, MINERALOQY, Etc 

Cootaining all known Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lient.-Colonel W. A. 
Ross, R.A., F.G.S. Second Edition. Crown 8vo, cloth S/0 

BOOT AND SHOE MAKING, including Measurement, Last 
fitting, Cutting-out, Closing and Making, with a Description of the most 
Approved Machinery employed. By J. B. Lend. Crown 8vo. cloth 2/0 

BRASS FOUNDER'5 MANUAL. Modelling, Pattern Making, 
Moulding, Turning, &c. By W. Graham. Crown 8vo, cloth . • 2/0 

BREAD & BI5CUIT BAKER'5 & 5UGAR-B0ILER*5 

ASSISTANT. Including a large variety of Modem Recipes. By Robert 
Wblls. Fifth Edition. Crown 8 vo, sewed. . I/Q. Cloth boards 2/0 

BREAKFAST DISHES. For every Morning of Three Months. 
By Miss Allbn (Mrs. A. Macairb). Author of " Savouries and Sweets," ftc. 

Twentythird Edition. F'cap 8vo. Sewed I/O 
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BREWING. Being a Practical Guide to the Art of Brewing and 

Malting. Baibraom^ th« Condaaiont of Modecn KMeMch which bear apoo the 

Practice of Brewing. By H. B. Wriont, M.K. Thir4 Edition. Thoroughly 

Revised and Enlarged Large Crown 8vo, 578 pp., cloth . Ntt 1 2/0 

Barley, Malting and Malt— Water for Brewing— Hops and sugars— The 

Brewing Room— chemistry as ahplibd to brewing— the Laboratory— Masking. 

sparging, and boiling— ferments in general— fermentation with commercial 

TBa8T-k.CULTi;RE FROM A SINGLE CELL WITH YEASTS— TREATMENT OF BBBR^THB 

Babwbrv AND Plants. 

CALCULATOR, NUMBER, WEIGHT AND FRACTIONAL. 

Containing upwards of 250jOoo Separate Calculations, showing at a Glance 
the Value at 439 Different Kates, ranging from jivth of a Penny to 30s. each, 
or per cwt., and £ao pet ton, of any number of articles consecutively, from 
^ X to 470. Any number of cwts., qrs., -and lbs., from z cwt. to 470 cwts. Any 
number of tons, cwts., qrs., and lbs., from x to 1,000 tons. By William 
Chadwick, Public Accountant. Fifth Edition, Revised and Improved. 
8vo, strongly bound 18/0 

CEMENTS, PASTES, QLUES, AND QUM5. A Guide 
to the Manufacture and Application of Agglutinants for Workshop, 
Laboratory, or Office Use. With 900 Recipes and Formula. By H. C. 

Stand AGS. Crown 8vo, cloth 2/0 

** As a revelation of what are considered ttade secrets, this boolc wiU arouse an amount of 

CUflcwity among the large number of industries it touches.' -—Daily Chronictt. 

CHEMISTRY FOR ARMY AND MATRICULATION 

CANDIDATES. By Gboffrby Martin, B.Sc, Ph.D. Crown 8vo, cloth. 

With numerous Illustrations Net 2/0 

Preparation and Use of apparatus — preparation and Properties of 
certain Gases and Liquids— Simple quantitative experiments- Analytical 
Operations— Solubility- Water Crystallisation— Neutralisation of acids by 

BASES. AND preparation OF SIMPLE SALTS — VOLUMETRIC ANALYSIS — CHBMICAL 

Equivalents— Observation of Reaction— melting and Boiling Points— Symbols 
AND atomic Weights of the Elements— Weights and Measures— Minis on 
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CHEMISTRY: INDUSTRIAL AND MANUFACTURINQ 

CHEMISTRY (Omnic). By Geoffrey Martin, Ph.D., M.Sc, B.Sc 
F.C.S., assisted by Fourteen Specialists. 700 pages, 300 Illustrations. Royal 

8vo, cloth [Just Published. Net Qt/O 

♦♦» This work covers the whole range of subjects with which the industrial 
chemist and manufacturer are usually concerned, and meets the requirements of all 
business and practical men interes ed in Chemical Processes, of Manufacturers, 
Consulting Chemists, Chemical Engineers, Students in Technical Institutiodb, &C..&C. 
The following Speciallnts have assisted in the compilation of the work : Wm. 
Barbour, M.A., B.Sc, F.I C. ; T. Beacall, B.A. ; A. J. Carrier, B.Sc ; F. Challenger. 
Ph.D., B.Sc, A.I.C. ; E. A. Dancaster, B Sc ; J. Newton Friend, D.Sc, Ph.D. ; 
W. Goodwin, M.Sc, Ph.D. ; C. H. Griffiths, Bretv. JSnr. ; G. Druce Lander, D.Sc, 
Ph.D., F.I.C ; D. B. Law, B.Sc, F.l.C. ; C. A. Mitchell, B.A., F.LC. ; H. S. Sand, 
Ph.D., D.Sc. ; Arthur Slator, Ph.D., D.Sc. F.I.C. ; W. H. Stephens, A.R.C.S. 
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Waterproofing industries. 
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TRADES S* MANUFA CTURES, INDUSTRIAL ARTS, S^. 9 
CLOCKS, WATCHE5, & BELLS lor PUBLIC PURPOSES. 

^ By Edmund Bbckett, Lord Grimthorpb, LL.D., K.C, F.R.A.S. Eighth 

Edition, with new List of Great Bells and an Appendix on Weathercocks. 

J Crown 8vo, cloth 4/6 ; cloth boards, 5/6 

E COACH-BUILDINQ, A Practical Treatise, Historical and 
y Deserlptiye. By J. W. Burgess. Crown 8vo, cloth . . . 2/6 

I COKE-MODERN COKING PRACTICE. Including the 

j Analysis df Materials and Pfoducts. A handbook for those engaged or 

[ interested in Coke Manufacture with recovery of By-Products. By T. H. 

, BYRoy, F.LC, E.C.S., Mem. Soc. of Chem. Industry, Chief Chemist tatbt 

Wigan Coal and Iron Company. For fifteen years Lecturer at the Wigan 

Technical College. Author of **The Physics and Chemistry of Mining": 

[ and J. £. Christopher Mem. Soc. of Chem. Industry, Suo-manager of 

I the Semet Solvay Coking Plant of the Wigan Coal and Iron Company. 

Lecturer on Coke Manufacture at the Wigan Technical College. 168 pages, 

with numerous illustrations. Demy 8vo, cloth. . . . Net 8/6 

** Th« authors have succeeded in treatinsr the subject in a dear and compact way, giving a» 

•asfly compfefaeasible review of tiie diflerent procesMS.^-^lA'MtM^ youmai, 

** The booic wUI be eagedy read, and the authors may be assured that their labour wiU b* 
appreciated, we anticipate th«t the book will be a success ; at any rate it possesses thenecessary 
'- "—Seietue and Art of Mining, 



COMMERCIAL CORRESPONDENT, FOREIGN. Bein^ 

Aids to Commarciid Correspondence ia Five Laognaget— SngBsb, French^ 

Gtrman, Italian, and Spanish. By Conkao S. Bakbk. Third Edition, 

Carefully Revised Throughout. Crown 8vo, cloth ..... 4/6 

"Whoever wisbea to correspond In all the language! mentioiMd by Mr. Baker cannot do 

better than study this work, the materials of which are eKceflent and conveniently arranged. Thegr 

consist not of entire spedmen letters, but— iHiat are Ihr mora useftd— short passages, stntSMes, 4k 

phrases expressing the same general Idea in various forms. '•mAHunaHiH, 

CONFECTIONER, MODERN FLOUR. Containing a large 

Cc^action of Recipes for Cheap Cakes, Biscuits, &c. With remarks on the 
IngredienU Used in their Manufacture. By R. Wblls. Sewed . .1/0 

CkMh boards 2/0 

CONFECTIONERY, ORNAMENTAL. A Guide for Bakers. 

Confectioners and Pastrycooks ; including a variety of Modem Recipes, and 
Remarks on Decorative and Coloured Work. With xay Original Designs. Br 
Robert Wills. Crown 8vo, cloth S/0 

COTTON MANUFACTURE. A Manual of Practical Instruc 

tion of the Processes of Openhig^^ Carding, Combing, Drawing, Doubling 
and Splnnbg, Methods of Dyeing, &c For the Use of Operatives, 
Overlookers, and Manufactorers. By J. Listbr. 8vo, doth . 7/6 

CRUSHING AND QRINDINQ MACHINERY PRACTICE. 

A Handbook on the Machinery used in Crushing and Grinding Operati<Mis on 
all classes of materials. Including also a Glossary of Technical Terms and 
Bibliography. By Thomas G. Marlow, Grinding, Drying and Separating 
Machinery Speciali.<>t. Author of " Drying Machinery and -Practice. With 
numerous Tables, Plates and Illustrations ... [/» the Pr§ss. 

DANOEROU5 Q00D5. Their Sources and Properties, Modes 

of Storage and Transport. With Notes and Comments on Accidents arising 
therefrom. For the Use of Government and Railway Officials, Steanahip 
Owners, &c. By H. J. Philuvs. Crown 8vo, cloth ^ ... 9/0 

DENTI5TRY (MECHANICAL). A Practical Treatise on the 
Coostmction of the Various Kinds of Artificial Denturas. By C. Hunter. 
Crown Svo, cloth 3/0 
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DISCOUNT QUIDB. Comprising several Series of Tables for 

tbo Um of MerchantSt Manafftctnrer^ Iroonumgen, and Others, by wfaidi may 
b« Mortained Um Exact Profit arismg from any mode of using D is coan t s, 
either in the Purchase or Sale of Goods, and tlw method of either Alterinf a 
Rate of Discount, or Advancing a Price, so as to imxiuoe, by <me operation, a 
sum that vHUl realise woj reqnind Profit after allowing one or more Discoants : 
to which are added liibles of Profit or Advance from zi to 90 per cent., 
Tables of Discount from i| to o8| per cent., and Tables otCommissioni ftc., 
from i to xo per cent. B^ HsmiY Hakbbn, Accountant. New B oi t io ti, 
Corroded. Demy 8vo, ball-bound • . 4S1 6s. 

DRYING MACHINERY AND PRACTICE. A Handbook on 

the Theory and Practice of Drybg and Desiccatinc, with Classified Descrip- 
tion of Installations, Machinery, and Apparatus, including also a Glossary of 
Technical Terms and Bibliography. By Thomas G. Marlow, Grindmg, 
Drying, and Separating Machinery Specialist. 340 pages, with nnmerons 
Tables, Plates, and Illnstrations. Medium 8vo, cloth -A^c^ 12/6 

ELECTRICITY IN FACTORIES AND WORKSHOPS: ITS 

COST AND CONVBNIBNCB. A Handbook for Power Producers and 
Power Users. By A. P. Haslau, M.I.E.B. 328 pages, with numerous 
illustrations. Large crown, 8vo, cloth Net "71^ 

ELECTRO-METALLURQY* A Practical Treatise. By Alex- 

ANDBR Watt. Tenth Edition, enlarged and revised. Including the most 
Recent Processes. Crown 8vo, cloth 3/6 

ELECTRO-PLATINQ. A Practical Handbook on the Deposition 

of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c., &c By 
J. W. URQUHART, CE. Sixth Edition. Crown Svo, cloth . . 5/0 

ELECTRO-PLATINQ &ELECTRO- REFINING OP METALS 

Being a new edition of Alexander Watt's " Electro-Depositiom." Re- 
written bv A. Philip, B.Sc., Principal Assistant to the Admiralty Chemist. 
Second Edition, Revised. 700 pages, with z6o illustrations. Large Crown 

Svo, cloth '^ iV«<12/6 

PART I. ELECTRO-PLATING— preliminary Considerations— PRIMARY ahd 
Secondary Batteries— Thermopiles— Dynamos— Cost op Electrical Installa« 

TIONS OF SMALL OUTPUT FOR ELECTRO-PLATING— HISTORICAL REVIEW OF ELBCTRO 

Deposition- electro deposition of Copper— deposition of Gold by Simple 
Immersion- Electro Deposition of Gold— Various Gilding Operations— mbr. 
CURY Gilding —iElbctro DEPosmoN of Silver — Imitation Antique Silvbr- 
Electro deposition of Nickel. Tin, Iron and Zinc, Various Metals and Alloys 
—Recovery of Gold and Silver from Wash Solutions— Mechanical Operations 
connected with Electro Deposition— Materials Used in Electro Deposition, 
part ii. electro metallurgy— electro metallurgy of copper— cost of 
Electrolytic Copper refining— current Density as a Factor in Profits— Somb 
Important Details in Electrolytic Copper Refineries— electrolytic Gold 
AND Silver Bullion Refining— Electrolytic Treatment of Tin— Electrolytic 
refining of Lead— Electrolytic production of Aluminium and Electrolytic 

REPINING OF NICKBI^-ELECTRO GALVANISING. 



BLECTRO-TYPINQ. The Reproduction and Multiplication of 

Printii - - -— — ^ . - 

J.W.I 



Printing Sur&ces and Works of Art hy the Slectro-Deposition of Metals. Br 
* W. URQUHART, CS. Crown Svo, doch . . i • • • S/O 



ENQINEERINQ CHEMI5TRY. A PracUcal Treatise for the 

Use of Analytical Chemists, Engineers, Iron Masters. Iron Foondera, 
Stnd«itsand others. Comprising Methods of Analysis and Valaatkm of the 
Principal Materials used in Engineering Work, with nnmerons Analyaas, 
Examples and Suggestions. By H. Pmillus. Third Edition. Revved. 
Crown 8vD, 4ao pp., with lUnstrations, doth .... A2r/ lO/S 
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BXPL05IVE5, MODERN, A HANDBOOK ON. A Prac- 

tical Treatise 00 the Manufacture and Use of Dynamite, Goa-Cottoo, 
Nitro^Iyoerine and other Explosive Compounds, including Collodioo>Cotton. 
With Chapters on Explosives m Practical Application. By M. Eisslbx, M.S. 
Second Edition, Enlarged. Crown 8vo, doth 1 2/6 

** A veritable mine of faafonaetioa oa tiie sul^ect of ea plo d re s emplojred tot odlltaiy, alnleff 
aad bUstfaBC puipoMg.*— wirwur 0$td Nmvy GmmtUt, 

EXPLOSIVES: NITR0.EXPL05IVE5« The Properties. 

Manufacture, and Analysb of Nitrated Substances, including the Fulminates, 
Smokeless Powders, and Celluloid. By P. G. Sanford, F.I.C, F.C.S., 
Public Analyst to the Borough of Penzance. Second Edition, enlarged. With 
lUustratioos. Demy 8vo, doth ATc^ 10/6 

NITKU-GLYCBRINE — NITRO-CBLLULOSB, ETC. — DYNAMITE — NITRO-BENZOL, RO- 
BUXITB, BBLLITE, PICRIC ACID, ETC.— THE FULMINATES— SMOKELESS POWDERS IM 
GaNBRAL— ANALYSIS OF EXPLOSIVES— FIRING POINT, HEAT TESTS, DBTBRMINATIOM 

OF Rblative strength, etc 

**Oiieof thovenriBw t«Et4xM>ksinwhkkcaabefiMiiidla« whrtltwanted. McSMdbfd 
goes stoadity thfouch Uio whole list of eamloilvas comnoahrasod, he names aajr givea eepladve. 
tmA tells of iHuit it 6 compoeedendhow tth nuinnfactuied. The book is mtc^XkmA, ^MngmMi^. 

FACTORY ACCOUNTS: THEIR PRINCIPLES AND 

PRACTICE. A Handbook for Accountants and Manufacturers, with 
Appendices on the Nomenclature of Machine Details, the Income Tax 
Acts, the Rating of Factories, Fire and Boiler Insurance, etc., including 
a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fells. Sixth Edition, Revised and 
con^derably extended. 314 pages. Demy 8vo, cloth . . . Ntt 6/0 

*' A vofy imewsttag dtcilptlott of the leqiiliemaeti of Foctoty Accowits. . . . The principle 
ofasslnlMBc tiie Fsctoi y A ccoMrt s to tlie genefal coninerdal books is one iriilch we thoranglilr 

FLOUR MANUFACTURE. A Treatbe on Milling Science and 

Practice. By Fkibdrich Kick, Imperial Regierungsrath, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute. Prague. 
Translated from the Second Enlarged and Revised Edition. By H. H. P. 
PowLBi, A.M.Inst.CS. 400 pp., wtth 38 Folding Plates, and 167 Woodcuts. 

Royal 8vo, cloth £1 Ss. 

••TUs kivahwblo woric tetbestaadacd authority oa the sdMieo of millliig.''-.77k< MilUr, 

FRENCH POLISHING AND ENAMELLING. Including 
numerous Recipes for making Polishes, Varnishes, Glaze, Lacquers, 
Rerivers, Ac. By R. Bitubad. Crown 8vo, cloth . •1/6 

FRETCUTTINQ, THE ART OF MODERN. ByJOHNMAKiNsoN. 
x6o pages, with numerous Illustrations . [In Pnparation, Price about 

I^ct 2/6 

QA5 ENGINEER'S POCKET-BOOK. Comprisin|r Tables. 

Notes and Memoranda rdating to the Manufacture, Distribution and Use 
of Coal Gas and the Construction of Gas Works. By H. O'Connob, 
A.M.Inst.C£. Third Edition. Revised. Crown 8vo, leather. 

' GENERAL CONSTRUCTING MEMORANDA— GBNBRAL MATHEMATICAL TABLBS 

—UNLOADING Materials and storagb—Rbtort Huuse—Condensbrs— Builbes, 
engines, pumps. and exhausters — scrubbers and washers — purifiers— 
Gasholder tanks-Gasholdsrs— Wurkshop Notbs-MANUFACTURING-Storins 
Materials— Retort House (Working)— Condensing Gas— Exhausters, etc— 
Washing and scrubbing— purification— Gasholders (Care of)— Distributimc 
Gas— testing— Enriching Processes— product Works— Supplementary. 

** The book containt a vast amount of infonnatioii."— (tat IVorld, 

GAS ENQINEERINQ. See Producer Gas Practice and 
Industrial Gas Enqinberimg. 
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QA5 PITTING. A Practical Handbook. By John ^kaCk. 

Revised Bdition. With X30 lUustrfttions. Crown 8vo, cloth . 2/6 

GAS LIGHTING. See Acbtylbnk. 

GAS LIGHTING FOR COUNTRY HOUSES. See Pbtrol 
Air Gas. 

GAS MANUFACTURE, CHEMISTRY OF. A Practical 

Manual for the use of Gas Engineers, Gas Managers and Students. By 
Harold M. Roylb, Chief Chemical Assistant at the Beckton Gas Worlcs. 
Pemy 8to, cloth, 340 pages, with nnmerous Illustrations and Coloured Plate. 

JV«^12/6 

PRBPARATION OP STANDARD SOLUTIONS— ANALYSIS OF COALS— DESCRIPTION OF 

Various types op furnaces— products of carbonisation at various tbmpbra- 

TURBS— ANALYSIS OF CRUDE GAS— ANALYSIS OF LiMS— ANALYSIS OF AMUONIACAX. 

Liquor— ANALYTICAL valuation of Oxide of Iron— Estimation op Naphtralin— 

ANALYSIS OP FlRB*BRICKS AND FIRECLAY— ART OP PHOTOMETRY— CARBURBTTBD 

Water Gas^appendix containing statutory and official Rbgulaticwis FMt 
Testing Gas. Valuable excerpts from various important papers on Gas 
CHEMISTRY, Useful tables. Memoranda, etc. 

QAS WORKS. Their Construction and Arrangement, and the 
Manufacture and Distribution of Coal Gas. By S. Hughes, C.E. Ninth 
Edition. Revised by H. O'Connor, A.M. Inst.C.E. Crown 8vo . 6/0 

GOLD WORKING. JEWELLER'S ASSISTANT for Masters 

and Workmen, Compiled fnnn the B: ' 
Praaice. By G. £. Gss. Crown 8vo 

GOLDSMITH'S HANDBOOK. Alloying, Melting, Reducing^^ 
Colouring, Collecting, and Refining. Manipulation, Recovery of Waste. 
Chemical and Physical Properties ; Solders, Enamels, and ' other nseful 
Rules and Recipes, &c. By G. E. Gee, Sixth Edition. Crown 8vo, 
cloth 3/0 

GOLDSMITH'S AND SILYERSMITH'S COMPLETE 

HANDBOOK. By G. E. Gee. Crown Svo, half bound . . . 7/0 

HALL-MARKING OF JEWELLERY. Comprising an 

account of all the different Assay Towns of the United Kingdom, with 
the Stamps at present employed; also the Laws relating to the Standards 
and Hall-marks at the various Assay Offices. By G. E. Gss. Crown Svo 

3IO 
HANDYBOOKS FOR HANDICRAFTS. By Paul N. Has- 

LUCK. See page x6. 

HOROLOGY, MODERN, IN THEORY AND PRACTICE* 

Translated from the French of Claudius Saunikx. ex-Director of the School 

of Horology at Macon, by Julibn Tripplin, F.R.A.Sr. Besancon Watdi 

Manufacturer, and EowarA Rigg, M.A., Assayer b the Royal Mint. IR^th 

Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 

Sditioo. Super-royal 8vo, cloth 4K2 2s. ; ulf<alf. JS2 tOe* 

*• TlMMltaohoroloclcalworiiintb«Bi«ldilBiifnMBataBtob« coauMMd to tUt 

tion of M. Saunloff's for doamearaad cpmn lf n e w . It is dike good as a golae for tbo atnd 

a»a lefeieaco for tho exporimcod horolockt and akfllad workmaa."— iSr«rvA|r^a/ y^mtmL 

ILLUMINATING AND MISSAL PAINTING ON PAPER 

AND VBLLUM. A Practical Treatise on Manuscript Work, Testim iaia. 
and Herald Painting, with Chapters on Lettering and Writing, and on Metfiievmi 
Burnished Gold. With two Coloured Plates. By Philip WHiTHARD(_Fir t-dass 
Diploma for Illumination and Herald Painting, Printing Trades Exl|i .SicDg 
1906). Niew and Cheaper Edition. 156 pages* Crown Svo, sewed. 

i Just Published, Net Am 
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INDU5TR1AL AND MANUFACTURING CHEMISTRY. 
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INTEREST CALCULATOR. Containing Tables at i. ij, 2, 
*\% 3i 3i>^* 4i 4}t 42> aind 5 P^i^ cent. By A. M. Campbell, Author of" The 
Concise Calendar." Crown 8vo, doth Uet 2/S 



IRON AND METAL TRADE5' COMPANION. For 

Expeditiously ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt. to xxax. per cwt., and from one fartning per pound 
to one shilling per pound. By Thomas Downie. Strongly bound in 

leather, 396 pp 9/0 

" A most useful set of tables. Nothing like them before txalw^"~-Biulding News. 

IRON-PLATE WEIGHT TABLES. For Iron Shipbuilders. 
Engineers and Iron Merchants. Containing the Calculated Weights of 
upwards of 1^0,000 different sizes of Iron Plates, from x ft. by 6 ins. by 
\ in. to 10 ft. by 5 ft. by I in. Worked out on the basis of 40 lbs. to the 
square foot of iron of i in. in thickness. By H. Burlinson and W. H. 
Simpson. 4to, half bound £1 6a. 

LABOUR CONTRACTS* A Popular Handbook on the Law of 
Contracts or Works and Services. By Datid Gibbons. Fourth Edition, with 
Appendix of Statcues by T. F. Uttlev, Solicitor. F'cap. 8vo, doth . 8/0 

LAUNDRY MANAGEMENT. A Handbook for use in Private 
and Public Laundries. Cr. 8vo, cloth 2/0 

LAW FOR MANUFACTURERS, EMPLOYERS AND 

OTHBRS. ETC. See " Every Man's Own Lawyer." A Handy-book of 
the Principles of Law and Equity. Bv a Barrister. Forty-ninth (loia) 
Edition, including the Legislation of 19x1. 850 pp. Large crown Sto, 
cloth [Publistud annually. Ntt^JB 

SUMMARY OF CONTENTS: LANDLORD AND TBNANT — VENDORS AND PUR- 

CHASBBS— Contracts and acrbbmbnts— Convbvancbs and Mortgacbs— Joint- 
STOCK COMPANIES— Partnership— Shipping' Law— Dealings with Money— surety- 
ship— Cheques. Bills and note5— Bills op sale-Bankruptcy— masters. 8br. 
VAMTS and Workmen— insurance : Life, accident, etc.— copyright, patents. 
Tradb Marks— husband and wipe. Divorce— infancy. Custody of children 
—trustees and Executors— Taxes and Death dutirs— Clergymen, doctors^ 
AND Lawyers— Parliamentary elections— local government- libel and 

SLANDER— nuisances— criminal LAW— GAMB LaWS. GAMING. INNKEEPERS— FORMS 
OF WILLS, AGREEMENTS, NOTICES, OLD AGE PENSIONS AND NATIONAL INSURANCE. 

** A useful and concise epitome Of the law."— Law Magaxine. 

•* A complets dlfest of the most uselkil facts which constitute EngBrfi lair."-.GMr. 

** A dtetioiiaijr of legal CKtsweD put together. The book is a Tety useful one." 1 S^ttmt«r» 

LEATHER MANUFACTURE. A Practical Handbook of Tan- 

ning, Currying, and Chrome Leather Dressbg. By A. Watt. Fifth Edition. 
Revised and Enlarged. 8vo, cloth Net 1 2/o 

' chemical theory op the tanning process— the skin— hides and skins— 
Tannin or tannic Acid— Gallic acid— Gallic Fermentation— Tanning Materials 
—ESTIMATION OP Tannin— PRELIMINARY operations— Dbpilation or Unhairinc 
SKINS and Hides— dbliming or Bating— Tanning Butts for sole leather- 
Tanning processes— Tanning by Pressure— Quick Tanning— Harness Leather 
Tanning — American Tanning— Hemlock Tanning— Tanning by Electricity- 
Chemical Tanning— Miscellaneous Processes- Cost of American Tanning— 
Manufacture of light Leathers— dyeing Leather— Manufacture of white 
Leather— Chrome leather Manufacture— Box Calf Manufacture— Chamois 
OR Oil leather Manufacture— Currying— Machinery employed in Leather 
manufacture— embossing Leather— Fellmongering— Parchment, vellum, and 
Snacrbbn— Gut dressing— Glue Boiling— utiusation of Tanner's waste. 

** A toond, oon^itehenshpo trsatlse on tannlnff and Its accessories."— -CA/m^a/ RtvUw. 
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LEATHER MANUFACTURE. PRACTICAL TANNING: 

A Handbook of Modem Processes, Receipts and Suggestions for the 
Treatment of Hides, Skins, and Pelts of every description, indudins 
varions Patenu relating to Tanning, with specifications. By Louis A. 
Flxmmimg, American Tanner. Second Edition, in great part re-written, 
thoroughly revised, and much enlarged. Illustrated by six rall<pase Plates. 
Medium 8vo, cloth, 630 pages Ntt 28/0 

MAGNETOS FOR AUT0M0BILI5TS, HOW MADE AND 

now USBD. A Handbook of Practical Instruction in the Manufacture 
and Adaptation of the Magneto to the needs of the Motorist. By S. R. 
BoTTONB. late of the CoUegio del Carmine, Turin, Author of *'The 
Dynamo,'' "Ignition Devices," Ac. Second Edition, enlarged. With 
53 Illustrations. Crown 8vo, cloth Net 2/0 

MARBLE AND MARBLE WORKING. A Handbook for 

Architects, Sculptors, Marble Quarry Owners and Workers, and all engajged 
in the Building and iJecorative Industries. Containing numerous Illustrations 
and thirteen Coloured Plates. By W. G. Rbnwick, Author of "The Marble 
Industry," "The Woiking of Marble for Decorative Purposes," etc. 

240 pages. Medium 8vo, cloth 1 6/0 

ThbChemistry of marblb— its Gsolocicai. Formation— a short Classifica- 
tion OF Marbles— ANTIQUITY of the Marble industry— Ancibnt Quarries and 
Mbthods of Working— modern Quarries and quarrying methods— Machinery 
USED in quarrying— European and American Systems comparbd— Marble as 
Building matbrial»Usbs op Marble othbr than for building Purposes- 
Sources of PRODUCTION: ITALIAN, FRENCH, BELGIAN, AND GREEK MARBLES, ETC 

—Marbles of the United Kingdom and British Colonies— Continental Marble 
Working— Marble working Machinery— Marble working in the Unttbd States 
—American Machinery Described and Compared— Marble working : A British 
industry— Marble substitutes and Imitations— Practical Points for the Con- 
sideration OF Architects— Hints on the selection of Marble— Listof marbles 
in Ordinary Use, with Descriptive Notes and instances of their application. 

MENSURATION AND QAUQINQ. A POCKET-BOOK 

cantaming Tables. Roles, and Memoranda for Revenue Officers, Brewen, 
Spirit Merchants, &c. By J. B. Mant. Second Edition. sSmo, kather. 

4/0 

METRIC TABLES, A SERIES OP. In which the British 

Standard Measures and Weights are compared with those of the Metric 

System at present in Use on the Continent By C H. Dowling, CE. 

8vo, cloth 10/6 

METROLOOY, MODERN. A Manual of the Metrical Units 

and Systems of the present Century. With an Appendix containing a pro* 
poaed English System. By Lowis d'A. Jackson, A.M.Inst.C.E., Author 
of "Aid to Survey Practice," etc Large crown 8vo, cloth . . 12/6 

MOTOR CAR (THE MODERN), ITS MANAGEMENT, 

MECHANISM, AND MAINTENANCE. A Practical Handbook for the 
Use of Owners and Drivers. By W. Galloway Duncan, M.I.M.E., 
M.I.A.E., Lecturer on Automobile Engineering, Willesden Polytechnic; Late 
Principal of H.M. Government School of Engineering, Dacca, India. 120 
pages, with illustrations. Crown 8vo, cloth. . i/ust Published. Net 2/9 

MOTOR CAR CATECHISM. Containing about 320 Questions 

and Answers Explaining the Construction and Working of a Modem Motor 
Car. For the Use ofChtmers. Drivers, and Students. By John Henry 
Knight. Third Edition, revised, with an additional chapter on Motor 
Cycles. Crown 8vo, with Illustrations . . [/f«< Published, Net 1 /9 

MOTOR CAR CONSTRUCTION. A Practical Manual for 
Engineevs, Students, and Motor Car Owners, with Notes on Wind Resistance 
and Body Design. By R. W. A. Brewer, Fellow of the Society of Engineers 
(Gold Medallist and Bessemer Prizeman), Assoc. M. Inst. C.E., M.I.Mecfa.E., 
M.I.A.E.. Author of '* The Art of Aviation." 250 pp., with numerous Illus. 
and dimensioned Drawings. Demy 8vo, cloth {juit Published, Net fi/O 
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MOTOR CARS FOR COMMON ROADS. By A. J. Wallis- 
Taylbk, a. M.Inst. C.E. 2X3 pp., with 76 Illustrations. Crown Bvo. 

MOTOR VEHICLES FOR BUSINESS PURPOSES. A 

Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. T. Wallis-Tayler, A.M.InstC.E. With 134 Illustra- 
tions. Demy 8vo, cloth . . . . ' Net WO 

RESISTANCB TO TRACTION ON COMMON ROADS— POWER REQUIRED FOR MOTOR 

VEHICLES — Light Passenger Vehicles — Heavy Passenger Vehicles — Light 
Goods Vans— heavy Freight Vehicles— Self-Propelled Vehicles for Municipal 
Purposes— Miscellaneous types of motor Vehicles— Cost of Running and 
Maintenance. 

OILS AND ALLIED SUBSTANCES. AN ANALYSIS. 

Bv A. C. Wright, M.A.Oxon., B.ScLond., formerly Assistant Lecturer in 
Chemistrr at the Yorkshire Cdlege, Leeds, and Lecturer in Qiemistry at the 
Hull Technical SchooL Demy Bvo, cloth Nti 9/0 

The Occurrence and Composition of Oils, Fats, and Waxes— The physical 
Properties of oils, fats, and Waxes, and their Determination— The Chemical 
Properties of Oils, Fats, and Waxes from the Analytical Standpoint- 
Detection and Determination of Non-Fatty Constituents — Methods for 
Estimating the Constituents of Oils and Fats— Description and properties of 
the more Important Oils, Fats, and waxes, with the methods for their 
Investigation— examination of Certain Commercial Products. 

ORGAN BUILDING (PRACTICAL). By W. E. Dickson, 
M.A., Precentor of Ely Cathedral. Second Edition, Crown 8vo . 2/6 

PAINTS, MIXED. THEIR CHEMISTRY AND TECH- 
NOLOGY. By Maximilian Toch. With 60 PhotomicrogMphie Plates 
and other Illustrations NefX 2/6 

THE Pigments— YELLOW, blub, and Green pigments— the inert Fillers and 
extenders— Paint vehicles— special Paints— analytical—Appendix. 

PAINTING FOR THE IMITATION OF WOODS AND 

MARBLES. As Taught and Practised by A. R. Van dbr Buro and 
P. Van der Burg, Directors of the Rotterdam Painting Institution. Royal 
folio, cloth, 18^ by ss^ in. Illustrated with 2a full>size Colocu^d Plates; also 
xa Plain Plates, comprising 154 Figures. Fifth Edition . . Ntt 26/0 

PAINTING, GRAINING, MARBLING, AND SIGN 

WRITINO. With a Course of Elementarv Drawing and a Collection of 

Useful Receipts. By £. A. Davidson. Ninth Edition. Coloured Plates. 

Crown 8vo, cloth, 5/0 ; cloth boards, 6/0 

PAPER-MAKINQ. A Practical Manual for Paper Makers and 
Owners and Manacers of Paper-Mills. With Tables, Calculations, etc. By 
G. Clappbrton, Paper-Maker. With lUnstrations of Fibres from Micro- 
Photographs. Second edition, revised and enlarged. Crown 8vo, cloth 

Nit BIO 

Chemical and physical Characteristics of Various Fibres— Cutting and 

Boiling of Rags — jute boiling and bleaching — wet Picking — Washing. 

Breaking, and Bleaching— electrolytic Bleaching— Antichlor — Cellulose 

FROM Wood— MECHANICAL WoOD PULP— ESPARTO AND STRAW— BEATING— LOADING— 

STANCHING — Colouring Matter— Resin, size, and Sizing— the Fourdrinier 
Machine and its Management— animal Sizing— Drying— Glazing and Burnishing 
—Cutting, Finishing— Microscopical examination of Paper— tests for in- 
crbdients of paper- recovery of soda— testing of chemicals— testing water 
for impurities. 

.whil«t 

II escdlaat featura."— 77b< IVtrid't Pmf€r Trmde, 

PAPER-MAKINQ. A Practical Handbook of the Manufacture 
of Paper from Ra^ Esparto, Straw, and other Fibrous Materials. Indodbf 



** Tte author cat«n for the lequtaemeats of nt|Miidbl0 mm hands, app^^ 
hie iMHraal wffl bo found ofgreat aervico to itudeats of tochnolonr, as wolf as to veteran pap< 
■Mkors aadaill.ownoai. Tho Uhistratlons form an escottont featura.''»77b< IVwrld'sPm^tr Trmt 



the Maoafacture of Pulp from Wood Fibre, with a Descriptioa of the 
Machinery and Appliances used. To which are added Details el P rooaue a for 
Recovering Soda from Watte Liquors. By A. Watt. With Illustrations. 
Crown ivo • ... ,.• Y/S 
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PAPER MAKING, CHAPTERS ON. A Series of Volumes 
dealing In a practical manner with all the leading questions in connection 
with tne Chemistry of Paper-Making and the Manufacture of Paper. By 
Clayton Bbadlk, Lecturer on Paper-Making before the Society of 
Arts, X898 and 1902, and at the Battersea Polytechnic Institute. X9a»» 
etc., etc. Each volume is published separately, at the price of fi/O n^i 
per vol. 

Volume I. comprises m Series of Lectures delivered on behalf of 



the Battersea Polytechnic Institute in 190a. Crown 8vo. X5x n|^ 

Volume II. comprises Answers to Questions on Paper-Making 
Set by the Examiners to the City and Guilds of London Institute^ 
X90X-I903. Orown 8vo, xSa pp. NH BiO 

Volume III. comprises a short practical Treatise in which Boiline, 
Bleaching, Loading, Colouring, and similar Questions are discussed. 
Crown 8vo, X42pp Net SIO 

CONTENTS:— "Brass" and "Stbbl" bbatbr Bars—Thb sizb and spbed of 
Bbatbr Rolls— Thb fading up Prussian blub papbrs— thb Efpbct op Lowbring 
thh Brbast Roll- thb Efpbct op »• Loading" on thb transparbncv op papbr 
— *• Terra Alba" as a Loading for Paper— The Use of Alum in Tub sizing-Thb 
Influence of Tbmpbraturb on Blbaching—thb Use of Refining Engines- 
agitation AS AN auxiliary TO BLEACHING— THE HEATING OP "STUFF" FOR THB 

Paper Machine— The Comparativb rbsui.ts of quadruple and Open efpbct 
Evaporation— How to Prevent Electrification of Paper on thb Machine- 
Transparency OF Papers— the •• life" of machine Wires— Edcb runners. 

. Volume IV. contains dibcusslons upon Water Supplies and the 
Management of the Paper Machine and its influence upon the Qualities 
of Papers. Crown 8vo, 164 pp Net fi/Q 

contents :— The Bulking OP Papers— Special qualities of "Art" Papbrs 
«-Tmb "Ageing" and storage op papers— the use op limb in Boiling— Controx^ 
LING THE Mark of the "Dandy"— *• machine" and **Hand" Cut Rags— froth oit 
Paper Machine— Scum spots in Papbr— Consumption op Water in thb Manupac- 
TURBOP Paper— THE Management of Suction-boxbs— The Shrinkage op Papek 
ON the machine— Paper that does not shrink or Expand— The Production op 
Non-stretch ABLE paper— the connection between ** strbtch " and •* expansion " 
op Papers—" stretch " and " breaking strain"— Papbr testing Machines. 

Volume V. concerning Thb Theory and Practicb of Bbatino. 
Crown Svo. With photoraicrogvaphs and other Illustrations. 

Net 5/0 

CONTENTS :— Early Beating Appliances— The Hollander— The Economy 

op Beating— difficulties op arriving at dbfinitr results— behaviour op 

different Fibres— "Refining "-Power Consumption— a Comparison op tw* 

different kinds of beaters— Power consumed in the " Breaking," " beating," 

AND ••refining- op DIFFERENT MATERIALS- DEALING WITH THB •'CIRCULATION" 
AND "AGITATION" IN A HOLLANDER— COMPARISONS OP LARGE AND MBDIUM-SIZBD 
HOLLANDERS WHEN BEATING "HARD" AND "SOFT" STOCK— TRIALS TO DBTBRMINB 
THE RELATIVE MERITS OF STONE AND METAL BEATBR-BARS— TRIALS WITH BREAKERS* 

Reed Beaters, and Kingsijind Repinbrs— A Systbm ofbbating combined with 

A SYSTEM FOR CONTINUOUS BLEACHING— BEATERS AND RBFINBRS— POWER CONSUMBD 
IN GRINDING WOOD-PULP— THE REDUCTION IN LENGTH OF FIBRES AT DIPPBRBNT 
STAGES OF BEATING— METHOD FOR DETERMINING THB " WETNESS" OF BEATEN STUFF 
—THB POSITION OF BEATERS IN OLD AND MODBRN PAPBR-MILI.S— APPENDIX. 

PASTRYCOOK AND C0NPeCTI0NBR*5 QUIDB. For 

Hotels, Resuoranu, and the Trade in general, adapted also for Family 
Use. By R. WbllSi Author of '* The Bread and Biscuit Baker." 

Sewed 1/0 ; cloth boards 2/0 

PETROL AIR QAS. A Practical Handbook on the Installation 

and Working of Air Gas Lighting Systems for Country Houses. By Hbnry 
O'Connor, F.R.S.E;, A.M.Inst.CE., &c., author of "The Gas Engineer'* 
Pocket Book." Second Edition Revised. 80 pages with illustrations. 
Crewn Svo. cloth. . ' [Jusi Piiblisked, Nit M^ 
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PETROLEUM. THE OIL FIELDS OP RU55IA AND 

THE RUSSIAN PBTROLBUM INDUSTRY. A Practical Hand- 
book on the Exploradon, Exploitation, and Management of Rtissian Oil 
Properties, the Origin of Petroleum in Russia, the Theory and Practice 
of Liquid Fuel. By A. B. Thompson, A.M.I.M.E., F.G.S. ^ ,^15 pp., with 
numerous Illustrations and Photographic Plates. Second Edition Revised. 
Super-royal 8vo, cloth Net 21 /O 

PETROLEUM MINING AND OIL-FIELD DEVELOP- 
MENT. A Guide to the Exploration of Petroleum Lands, and a Study ot 
the Engineering Problems connected with the Winning of Petroleum. 
Including Statistical Data of important Oil Fields. Notes on the Origin 
and Distribution of Petroleum, and a description of the Methods of 
Utilizing Oil and Gas Fuels. By A. Bbeby Thompson, A.M.LMech.E., 
F.G.S. Author of "The Oil Fields of Russia." 384 pages, 114 illus- 
trations, including 22 fulUpage plates. Demy 8vo, cloth. Net 1 5/O 
** It is an admixable text-book by a competent authority on an interesting: subject."— 
Mininz Magafrine, 

**^The present effort is likely to receive a warm welcome in englneerinsf circles, and it can be 
cordially commended for perusal. It will doubtless have that larg^e sale to which its merits entitle 
VW—Mtning fVorid. 

*' The general aspects of the Petroleum Industry are fully and ably laid omX." -^Engineer, 

PIGMENTS, ARTISTS' MANUAL OF. Showing their Com- 

position. Conditions of Permanency, Non*Permanency. and Adulterations, etc., 
with Tests of Purity. By H. C. Standagb. Third Edition. Crown 
8vo, cloth 2/6 

PORTLAND CEMENT, THE MODERN MANUFACTURE 

OP. A Handbook for Mant^facturers, Users, and all interested in Portland 
Cement. By Percy C. H. West, Fellow of the Chemical Society and ot 
the Society of Chemical Industry. Vol. I. — Machinery and Kilns. 280 
pages, with ikq Illustrations and numerous Tables. Royal 8vo, cloth. Net 1 2/6 
wash-Mills— WET Edge-Runnbrs and Stone.mills— Wet Tube-Mills— 
Other Wet mills and accessory plant— wet process— Crushers— Driers- 
millstones, EDGE-RUNNERS. DISINTEGRATORS, &C.—BALL-M ILLS— CENTRIFUGAL 

Roll • Mills— tube - mills— conveyors and elevators- dust Collectors- 
Weighing Machines— SEPARATORS and automatic Feeders— Pressing and 
Drying Briquettes— Shaft and other Stationary Kilns— rotary kilns— Coal 
Drying and Grinding— storing and Grinding the Clinker— Warehousing and 
Packing the cement— Descriptions of Some Modern Cement Plants. 

PRODUCER GAS PRACTICE (AMERICAN) AND 
INDUSTRIAL 0A5 BNOINBBRINO. By Nisbet Latta, 
M.Amer.Soc.M.E., M.Amer.Gas Inst. 558 pages, with 247 illustrations. 

Demy 4to, cloth I Net26h 

Producer operation— cleaning the Gas— works Detaii-s— Producer types 
—Moving Gasf.s— Solid Fuels— physical Properties of gases— Chemical Pro- 
perties OF Gases— Gas analysis— Gas Power— Gas engines— industrial Gas 
applications— Furnaces and Kilns— Burning Lime and Cement— pre-heating 
air— doherty combustion economiser — combusti(>n in furnaces- heat: 
temperature, radiation and conduction— heat measurements : pyrometry 
AND Calorimetry— Pipes, Flues, and Chimneys— Materials : Fire Clay 
MASONRY, Weights and Rope— Useful Tables-Oil fuel producer Gas. 

RECIPES, FORMULAS AND PROCESSES, TWEN- 
TIETH CENTURY BOOK OP. Edited by Gardner D. Hiscox, M.E. 
Nearly 10,000 Scientific, Chemical, Technical, and Household Recipes, 
Formulas and Processes for Use in the Laboratory and the Office, the 
Workshop and the Home. Medium 8vo, 800 pp., cloth. Net 12/6 

Selected List of Contents :— absinthe— acid Proofing— Adhesives— 
Alcohol — alkali —Alloys— Aluminium— ammonia— aniline— antidotes for 
Poison— Anchovy preparations— Antiseptics— Antiques— baking Powders- 
Barometers — Beverages— bleaching— brass— Brick— Carbolic Acids— Casting 
—Celluloid— Cheese — Ceramics — Cigars — Coffee — Condiments — Copper — 
Cosmetics — Cotton — Diamond Tests — Donarite —Dyes— Electro Plating — 
Embalming— ENAMELLING— Engraving- Essences — Explosives— Fertilisers — 
Filters- Food Adulterants— Gelatine— Glass— Gold— Gums— Harness Dress- 
ings-Horn— Inks— Insecticides— Iron— Ivory— Jewellers' Formulas— Lacquers 
—Laundry preparations— Leather-Linoleum— lubricants— matches— Metals 
—Music boxes— Oils— paints— Paper —perfumes— petroleum— photography- 
plaster — Plating — Polishes — Porcelain — Poultry — putty— Rat Poisons— 
Refrigeration — Ropes — Rubber — Rust Preventives — Salt— Screws— Silk- 
Silver— Soaps— Solders— Spirit— Sponges— Steel— Stone— thermometers— Tin 
— Valves — Varnishes — Veterinary Formulas — Watchmakers' Formulas — 
Waterproofing— Wax— Weights and measures— whitewash— Wood— Ybast. 
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RUBBER HAND STAMPS. And the Manipulation of Rabber. 
A Practical TreatiM on the ManafiKCora of Induurubb«r Haod Stamps, Small 
Artidat <^ Indiarubber, Th« Hektograph. Special Inks, Cements, and AlUed 
Subjects. By T. O'Conok Sloans, A.M., Ph.D. With numerous Illustra- 
tions. Square Bro, doth 6/0 

RUBBER. ITS CULTIVATION AND PREPARATION. 

By W. H. Johnson, F.L.S., Director of Agriculture, S. Nigeria, West 
Africa, Commissioned by Government in zgoa to vuit Ceylon to Study die 
Methods employed there in the Cultivation and Preparation of Para Rubber 
and other Agricultural Stai>les for Market, with a view to Introduce them into 
West Africa. Second Edition, rewritten and greatly enlarged, with numerous 

illustrations. Demy 8vo, cloth Net 7/6 

The World's production and Consumption of Rubbbr—Thb para rubbbr 
Trbb at Homb and Abroad — Propagation— planting and Cultivating— Soils 
AND Manurbs^pbsts— Latbx— Collbctinc thb Latex— rubbbr manufacturb— 
thb Antiskpticisation of Rubber- Drying and Packing Rubber for Export- 
Yield op Para Rubber from cultivated trees— Establishment and main. 

TENANCE OF A PARA RUBBER PLANTATION— COMMERCIAL VALUE OF THE OiL IN 

Hevea Seeds. 

RUBBER PLANTER'S NOTE-BOOK. A Handy Book of 

Reference on Para Rubber Planting. With Hints on the Maintenanee 
of Health in the Tropics^ and other general information of utility to the Rubber 
Planter. Specially designed for use in the Field. Compiled from the most 
reliable and modern sources by Frank Braham, F.R.G.S. ii6 pages. With 
diagrams and illustrations. F'cap 8vo, cloth. Just Published . . net 2/6 

SAVOURIES AND SWEETS. Suitable for Luncheons and 
Dinners. By Miss M. L. Allen (Mrs. A. Macairb), Author of '* Break- 
fast Dishes." etc. Thirty-first Edition. F'cap 8vo, sewed . . .I/O 
Or, quarter bound, fancy boards . .1/6 

SHEET METAL-WORKER'S GUIDE. A Practical Hand- 
book for Tinsmiths, Coppersmiths, Zincworkers, &c., with 46 Diagrams and 
Working Patterns. By W. J. E. Cranb. Crown 8vo, Cloth . .1/6 

SHEET METAL - WORKER'S INSTRUCTOR, Com- 

prising Geometrical Problems and Practical Rules for Describing the 
Various Patterns Required by Zinc, Sheet>Iron, Cc^per. and Tin-Phtte 
Workers. By R. H. Warn. Third Edition. Revised and Further Eolaiged 
by J. G. Hornbr, A.M.I.M.E. Crown 8vo, a8o pp., with 465 lUustradoos, 
cloth 7/6 

SILVERSMITH'S HANDBOOK. Alloying and Working o£ 
Silver, Refining and Melting, Solders, Imitation Alloys, Manipulation, 
Prevention of waste, Improving and Finishing the Surface of the Work, 
etc. By Georos £. Geb. Fourth Edition Revised. Crown 8vo, olotfa 

3/0 

SOAP-MAKINQ. A Practical Handbook of the Manufacture 
of Hard and Soft Soaps, Toilet Soaps, etc. With a Chapter on the 
Recovery of Glycerine from Waste Leys. By Alexander Watt. Seventh 
Bditi<Ma, includmg an Appendix on Modem Candlemaking. Crown 8vo, cloth 

T /O 
**The work will prove very useful, not merely to the technological student, but to tiie 
•oep bdler who wishes to understand the theory of his •xt."--Ch*mical Ntws. 

SOAPS, CANDLES, and GLYCERINE. A Practical Manual 

of Modem Methods of Utilisation of Fats and Oils in the Manufacture of Soap 
and Candles, and of the recovery of Glycerine. By L. L. Lamborn, 
Massachusetts Institute of Technology, M.Am.C.S. Medium 8vo, cloth. 

Fully Illustrated. 706 pages Iff^SOlO 

The Soap Industry— Raw Materials— blkachinc and Purification of Soap- 
stock— The CHEMICAL CHARACTERISTICS OF SOAP-STOCK AND THEIR BEHA>«OUR 
TOWARDS SAPONIFYING AGENTS— MECHANICAL EQUIVALENT OF THE SOAP FACTORY 

—Cold Process and Semi-boiled Soap— Grained Soap— Settled Rosin Soap- 
Milled SOAP-BASE— FLOATING SOAP— SHAVING SO AP— MEDICATED SOAP— ESSENTIAL 
2\^ ^° ^°^^ PERFUMERY— MILLED SOAP— CANDLES— GLYCBRINB— EXAMINATION OF 
RAW MATERIALS AND FACTORY PRODUCTS. 



WE ALE'S SCIENTIFIC & TECHNICAL SERIES. 



MATHEMATICS, ARITHMETIC, Ac- 
Geometry, Oescrfptive, J, F. Heathbir . . . 2/- 
Practical Plane Geometry. J. F. Heathhr, . , 2/- 
Analytical Geometry. J. Hann & J. R, Young. , 2/^ 
Geometry. Part I. (Euclid, Hks. L— UK) H. Law 1/6 
Fart II. (Euclid, Boots IV., V., VL, XI., 
XIL). H. Law . . . , , ,/6 
Geometry, in r toL (Eticlid'a Elements) , , , , 2/6 
Plane Trigonometry. J. Hak^ .... r/6 
Spherical Trigonometry* J. Haijk , . . » 1/- 
The aboyie 3 vols., bound together .... 2/6 
Differential Calculus. W. S. B. Woolhouse , . 1/6 
Integral Calculus* H. Cox , . . . .1/6 
Atgebrap J. Haddok ...,.,, 2/- 

Key to ditto » , .1/6 

Book-keeping. J. Haddon 1/6 

Arithmetic. J. B. Youko 1/6 

Key to ditto. . » . . , . . .1/6 

EquationaJ Arithmetic W. Hipslbt . , . * 1/6 

Arithmetic. J, Haddon ,«.,,, 1/6 

Key to ditto 1/6 

Mathematical Instruments. Heather k Walmiwley zf- 

Drawing & Measuring Instruments. J. F. Heather 1/6 

Optical Instruments. J. F, Heather . . » 1/6 
Surveying <fc Astronomical Instruments. J. F, 

Hbather ..,.., 
The above j vols., bound together . 
Mensuration and Measuring, T. Baker 
Slide Rule, & How to Use it C. Hoaee 



Measures, Weights, & Moneys. W. S, E. Woolhottse 2/6 



Logarithms, Treatise on, with Tables. H, Law 
Compound Interest and Annuities, F. Tkoman 
Compendious Calculator. D. O'Gormak 
Mathematics. F. Cami'in . . . * . 
Astronomy, R. Main k W, T. Lynn . 
Statics and Dynamics. T. Baker 
Superficial Measurement, J. Hawkiiigs 



1/6 
4/6 

2/6 



3/- 
4/- 

1/6 
3/6 



CROSBY LOCK WOOD & SON. 7, Stationers' Hall Court, E.C. 



T 

u 



-4 RETUW TO the circutotipn desk of ary 

R ' University of California Library 

or to the 

NOFnUERN REGIONAL UBRARY FACILITY 
_ BIdg. 400, Richmond Field Station 
4 University of California 

Richmond. CA 94804-4698 

ALL BOOKS MAY BE RECALLED AFTER 7 DAYS 
2-month loans may be renev\^ed by calling 

_ (510)642-6753 

1-year loans may be recharged by bringing books 

T!l to NRLF 

_ Renev\^als and recharges may be made 4 days 
prior to due date 

DUE AS STAMPED BELOW 



-\ 



•«/W% /it /rtit\ 
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¥E ALE'S SCIEHTIFIG A TEGfi/flGAL SERIES. 



BUItDlNQ & ARCHITECTURE-confd, 

Architeeture, Orders* W. H. L^sbs , » , i/6 

Architecture, Stylas, T. T. Bukt . . . , a/- 

The a]?OTe 2 vols., boimd together , . . . 3/6 
ArchitecturCi Design. K L, Gaebbtt , - .2/6 

The aboTe 3 vols,, botmd together - , , . • 6/- 

A rch ite ctural M ode I H n g» T. A. Eron abdson" % . i /6 

Vrtruvius' Architecture. J. GwrLT , . * . s/-- 

Grecian Architecture* Lord Abbudeen , . . i/-i 

The above 2 vols. , bound together . * * . 6/- 

PINE ARTS. 

D let 10 lift rf of PalnterSi P. Dahtl » , . . 3/6 

PaintTngp Fine Art- T. J. Gfllick A J. Times * . 5/- 

Grammar of Colouring. G* Fikld&E, A^ DAvroaoN 3/- 

Perspective^ G. Ptnb ...,,, 2/- 

Qlass Staining & Painting on Glass ... * 2/6 

Music. G. C. Spenoeb 2/6 

PianofoHe Instruction, a 0. ^pkkoiw * . , 1/6 



INDUSTP 



^ USEFUL ARTS. 



Cements, Paste 
Clocks, Watch t 
Goldsmith's H - 

Silversmith's hi 
Goldsmith's &Sl 
Hall-Marking of 



-. * GlriMTHOEPB 

oi> . r E. * ♦ . 

Hi i*s^k^ u iG;;GiiE 

Cabinet-Maker's Gt lie* K. Bitmbap 

Practical Organ Building. W. E. DiLKSoir , . 

Coach Building. J» W* Bub^^es^ . , 

Brass Founder's Manual. W. Graham . . . 

French Polishing and Enamelling. E. Bitmeaxi . 

Upholstering and Cutting Out E. BiTiiSAD . 

House Decoration^ J. W. Faoit 

Letter- Pa in ting Made Easy- J, G. Badjexoch. 
Boot and Shoemaklng. J. B. Lbno . .■ , , 
Mechanical Dentlstryi C. Huitteb . , . . 
Wood Engraving* W. N, Bkowit. . , ^ . 



2h 
4/6 
3h 
3/- 
71- 
3/- 
2/6 
2/6 
2/6 

^t- 
1/6 

^h 
5h 
1/6 

3/- 
'/6 



Laundry Mah^efn^rxt :^ . . , * **. .2/ 
, 7* Stationers' Hajl Court. EX. 



lyi^ARIES 




vaueem 




